1 Salts Of Isobutyric Acid (1 R*, 2R*, 4R") -2- (2-{ [3- (4, 7-DimethOxy-1 H-Benzoimidazol-2- YL)
-Propyl] -Methyl-Amino } -Ethyl) -5-Phenyl-Bicyclo [2.2.2] OCT-5- EN- 2 -'IL ester Salt Forms The
invention relates to novel crystalline salt forms of isobutyric acid (1R*,2R*,4R*)-2-(2-{|3-
5(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyl]-methyl-aminoyethyl)-5-phenyl-
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angina, hyggrlrteﬁﬂ?ﬁqgschemia (renal and cardiac), 10 cardiac arrhythmias including atrial fibrillation,
cardiac hypertrophy, of congestive heart failure. Said crystalline salt forms of the present invention
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35  superior effect over calcium channel biockers, which target the L channel predominantly.



2a In another aspect, there is provided a pharmaceutical composition comprising a crystalline salt of
the compound isobutyric acid (1R*,2R*,4R*)-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-y1)-
propyll-methyl-aminoyethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1 ester as defined above, and a
pharmaceutically acceptable carrier. In still anothgr aspect, there is provided a crystalline salt of the
compound isobutyric acid

(1R*, 2R3 AR Ot 2 (34 Todime thexiynght- ke i pisnistasion 2nyd ) pesiy wittesby lsaiovila} -atyplve-

phenyl-bicyclo[2.2,2]oct-5-en-2-y1 este efined above. or a bharmaceuticall ition as
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15.36 6 6%), 16.14 (37%), 17.08 §73% , 18.12 (76%), 19.46 (45%), 19.71
rug Metab Dispos 2000, 28, 95-83.

It has now been found that crystalline salt forms of COMPOUND (isobutyric acid (1R*,2R*,4R*}-
2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-yl)-propyl}-methyl-amino}-ethyl}-6-phenyi-

bicyclo[2.2 2]oct-5-en-2-yl ester) may under certain conditions be found. Said crystalline salt
forms of COMPOUND are novel and may have advantageous properties, especially compared
to the free base (W02008/132679) or the di-hydrochloride salt of COMPOUND. Such
advantages may include better flow properties, better solubility, less hygroscopicity, better
reproducibiliy in manufacturing (for example better filtration parameters, better reproducibility of

formation, better sedimentation), defined morphology and/or better long term stability.
Summary

In one aspect, there is provided 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; wherein said crystaliine salt consists of: 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; an acid component consisting of 1 to 2
equivalents of an acid selected from the group consisting of hydrobromic acid, sulphuric 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

0 to 5 equivalents of water.



(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%).

2a

in another aspect, there is provided a pharmaceutical composition comprising a crystalline salt
of the compound isobutyric acid {1R*2R* 4R*)-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-yl)-
propyi]-methyl-amino}-ethyl)-5-phenyi-bicycio[2.2. 2]oct-5-en-2-yl| ester as defined above, and a

pharmaceutically acceptable carrier.

in still another aspect, there is provided 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-y! ester as defined above, or a pharmaceutically composition as

defined above, for use as a medicament.

In yet another aspect, there is provided the use of a crystalline salt of the compound isobutyric
acid (1R* 2R* 4R*)-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-yi)-propyl]-methyl-amino}-
ethyl}-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl ester as defined above for the preparation of a
pharmaceutical composition for the treatment or prevention of chronic stable angina,
hypertension, ischemia (renal and cardiac), cardiac arrhythmias including atrial fibrillation,

.cardiac hypertrophy, or congestive heart failure.
Description of the Figures

Fig. 1 shows the X-ray powder diffraction diagram of the di-hydrochioric acid salt of
COMPOUND in a crystalline form as obtained from Reference Example S1. 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 (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° (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
COMPOUND in a crystalline form as obtained from Example $S2. The X-ray diffraction



|ntenS|ty, as-compare

Fig. 2 shows the X-ray-powder diffraction diagram of-the di-methylsulfonic acid salt of COMPOUND in
a crystalline form as obtained from Example S2. The X-ray diffraction WO
: 2010/04685z,5>C'|(')/JG}I0 ﬁg99/054637 3 diagram measured with method 1 s h V|ng a relative
0 the most intense peak in the diagram, of the fol owmg percen ages (relative
“"peak intensitites given in parenthesis) at the iridicated angles of refraction 2theta (selected peaks from
the range 2-40 2theta with relative |ntenS|ty larger then 10% are reported? 3.97 (100%), 7.21 5 Fig. 3
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percentages (relatlve peak intensitites Flven in parenthesis) at the indicated angles of refraction 2theta

(selected peARERBHIHETAR§O B S IRTERATREA afve Tdran ErRdrthdRoo0, BrasHpbHEd): 5.27
(57%), 8.05 (1€61564), BB BB ([(85¢) haBR0A 1986y 1515 IR086)cdBpdbe(l Wb)e 2008in(B1hes) p2dk 61
the diagram, of the following percentages (relative peak intensitites given in parenthesis) at
20  the indicated angles of refraction 2theta (selected peaks from the range 2-30° 2theta with
relative intensity iarger then 10% are reported); 2.85° (100%), 8.50° (21%), 9.50° (28%),
11.78° (85%), 13.26° (41%), 13.69° (51%), 14.19° (82%), 15.78° (40%), 16.47° (39%),
17.12° (38%), 18.91° (40%), 19.48° {(43%;, 26.77° (85%), and 27.24° (63%).

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 85. 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 foliowing percentages {relative peak intensitites given in
parenthesis) at the indicated angles of refraction Ztheta (selected peaks from the range 2-40°
Ztheta with relative intensity larger then 10% are reported): 5.07° (26%), 8.19° (12%), 10.15°

30 (93%), 15.26° (39%), 17.20° (12%), 17.81° (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
COMPQUND in & crystalline form as obtained from Example S8. The X-ray diffraction

35  diagram measured with method 1 shows peaks having & relative intensity, as compared to



5(62%). 21.11 (27%), 22.77.(15%), 25.42 (11%), 26.22 (11%), and 31.27 (21%). Fig. 7 shows the
X-ray powder diffraction diagram of the di-hydrobromic acid salt of COMPOUND in a crystalline form
as obtained fr%@9§§&63$%é S7. The X-ray diffraction diagram measured with mefhod 1 shows peaks
‘having a relg}/ﬁve Intensity, as compared to the most intense peak in the (ﬁggram, orthe ?olllowing
percentages (relative peak intensitites 10 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):
3.1 (59%), 67 (388hLN 193 PEo) M ine1ieauyy. P58 IDGNNAEFERBERS 1813tyEsRik IMeN§BtRR), 20.0
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refraction 2theta (selected peaks from the range 8-26.5 2theta with relative intensity larger 20 then
10% are repdfted):SBVe4d%) X1Eu PLagsy, HHTEeuoniagem 1h09s), ALri7avE e 83 68%)0f19
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diagram of t Gibetrarné&imoHctadid €l sRCOMPBUNS'i @yé@aﬂiﬁéﬁé’?m‘ 8¢ ot d%Hdm the
general prodédineXor salt toyraatisn 185 ] hed3ralf dddeaction diagram measured with method 2 shows
peaks having a relative WO 2010/046857PCTRE2009/054637 intensity, as compared to the most
intense pealg‘Fh ﬁé%@ﬁﬁﬁ%@"ﬁ%@%ﬂ%ﬁﬁﬁ@%&%eﬁ?&@%ﬁ Gﬁiﬁﬁ\?@%‘ﬁﬁﬁﬁf@?@ﬁﬁ% éi\?é?#‘gfﬁ”‘c
parenthgsis paitithetiotiataeangtes afrgitaniencihetooleelesigdpeakdmmitbetaige &2&h 2theta
with relatve il Sk e BRI Aealenl SO LT, BEZIDHS BI Ll 2796
11.9 (17%), 12.9 (48%), 14.5 (53%), 15.0 %), 15.7 {100% , 16.5 (65%3, 17.0 (40%), 17.7 (49%),
relative infensity, as compared fo the most intense peak in the diagram, of the foliowing

percentages (relative peak intensitites given in parenthesis) at the indicated angles of
refraction 2theta (selectad peaks from the range 8-28.5° 2Ztheta 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%), 24.8° (14%),
and 26.2° (22%). :

Fig. 9 shows the X-ray powder diffraction diagram of the di-benzenesuifonic 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 psak 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%), 12.2°

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 dizgram measured with method 2 shows peaks having a relative



19.0 (67%), 19.7 (69%), 20.4 (68%), 21.5 (55%), 22.6 (67%), and 23.3 (47%). Fig. 11 shows the
X-ray powder diffraction diagram of the di-naphthalene-2-sulfonic acid salt of COMPOUND in a

- crystalline form as obtained from the general procedure for salt formation. The X-ray diffraction .
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acid, methan qﬁlﬁ 'Rarat fonic aci eSU{F\OﬂIC acid, naphthal lene-

’c §
1,5- dISU|f0nIC aC| alen@-5°6uf onlc g(r:r% Bnd'e anesuq?(])nlc aggﬁera "0 equivalents of

water. 2) An@m@*t@m%@.rﬁé’ﬁv réifERese0 éi@ﬁg@fhﬁﬁ@%&ﬂdow@i@mﬁm NDSBR¥S RS R 1SoRiment
301), winereaiSiMREHIND ds epanptemearoplyresicheadsobeiyria amdddfr2R,4Rhe-@1ilding
(‘17 ‘1‘meth0>8(o@r'da88”z(’éﬁ‘é%ﬂ%z% s4kY PR TeIRY R ingleLnd) -RiPRE HIRISHEl 4 qiglogH5-en-2-
Y= ester refraction 2theta (selected peaks from the range 8-26.5° 2theta with relative iniensity iarger

then 10% are reported): 9.8° (98%), 11.2° (45%), 11.8° (24%), 13.7° {20%), 14.6° (33%),

15.6° (100%), 16.9° (90%}, 19.4° (96%), 22.4° (45%), and 23.9° (23%).

15  In the X-ray diffraction diagrams of Fig. 1 ic Fig 11 the angle of refraction 2theta {28) is

plotted on the horizontal axis and the counts on the vertical axis.

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-y}-
propyl}-methyl-amino}-ethyl)-5-phenyl-bicyciof2.2.2]Joct-5-en-2-yl  ester); wherein  said
crystalline salt consists of;
e 1 equivalent of COMPOUND;
¢ an acid component consisting of 1 {o 2 eguivalents of an acid selected from the group
25 consisting of hydrobromic acid, sulfuric acid, maleic acid, fumaric acid,
methanesulfonic acid, para-toluenesulfonic acid, benzenesuifonic acid, naphthalene-
1,5-disulfonic acid, naphthalene-2-sulfonic acid, and ethanesulionic acid; and

« 01t 5 eguivalents of water.

2) Another embodiment relates 1o 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-benzoimidazoi-2-yI}-propyll-methyl-amino}-ethyl -5-phenyi-
bicyclo[2.2.2]oct~5-én-2-yl ester.

3) Another embodiment relates to a crystalline salt of COMPOUND according o embodiment
1), wherein COMPOUND is enantiomerically enriched isobutyric acid (18,2S8,48)-2-(2-{[3-
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(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyll-methyl-aminol-ethyl)-5-phenylbicyclo[2.2.2]oct-5-en-2-
y1l ester. 4) Another embodiment relates to a crystalline salt of COMPOUND according to

" embodiment§, AHEHFTCTOMPOUND s isobutyric acid (1R",2R* 4R*)-2- XS XY etfiéthoxy-1H-

- 5benzoimidazol-2-y1)-propyl]-methyl-aminol-ethyl)-5gphenyl-bicyclo[2.2.210ct-5-en-2-y1 ester in
~enantiomerically enriched form having negative optical rotation. 5) Another embodiment relates to a
crystalline sé&tofiCEMROUNE wstvidhagHo\dnyremdl-ofshybatdinereis ) ept¥rwherein said crystalline
salt containg,@yop(espesialbn 35 tesdnotably 1 to 2) equivalents of water. 106) Another embodiment
relates to a crystalline salt of COMPOUND according to any one of embodiments 1) to 4), wherein said
crystalline sélt swritaens iredjoivel esitsesfiwatenstalidmetlier EQMGIMIBHt retatdisgdcacorystttinme salt of

COMPOUND, acgosding ey nerd! mgdiments, &iyto f whersn hie,apid Lompongai,of said
crystalline s%t cons,lits f 1 §r 2{P§§§pe0|ale/ Z‘gﬁguwallents é)f r%g,robiromlc acid, 1 or 2 iequwa;lents of
sulfuric Acid "§"6P 8 P (Ea P DY R TN ATBIR S AR SRA S ﬁ%@s?dg%ﬁ“ﬁ‘f/nizﬁ &Gifivdlents of
fumaric acidenanii@n@ispieRiNcRyEoivakems otgativhandsalfotitcacid, 1 or 2 (especially 2) equivalents
of para-toluenesulfonic acid, 1 or 2 g}specially 2) equivalents of benzenesulfonic acid, 1 to 2
(especially 1535)“8%?%?@}1}’(%‘{5?%% ShelteeCoIRiORE SEGOMBPY NS BEEINDJoctuAIR s of
naphthalenes@isulfoaicsadidicor ]l eh2régspeciatly 2y iéouivalentstein? Ok titah dsaferiaacid. to &,

sub-embodiment theasjd sampanestpfsaid crystalline salt preferably consists of 2 equivalents of
hydrobromic acid; 1 or 2 equivalents of sulfuric acid, 2 equivalents of maleic acid, 1 to 2 (especially

1.5) equival@mtsrmt?_felnwhbaimdn&mtdyad:emts@ftaﬂemaaﬂesﬂmw&m@qmﬂa@mgnﬂ one of
para-toluenesylfanic.acid, ot 2 eghiyalents,of henzeneswlionicacifsdn,.2R.A0aMer sub-embodiment,

the acid component of said crystalline salt préferably consists of 1 or 2 (especially 2) equivalents of
maleic acid, OrAntth2r(espetialinilrShequiyalenisoffamarict axivPS) N theb einbadisngrinelsdtes to a

crystalline salt of, -,9434@%!}' @),%RQFQW%"%%ZT&VS)%%% ng%rg}aé@g n Veféh%ﬁsg\y ihe geid

component of said crystalline salt consists o equivalents of hydrobromic acid.

sub-embodikféRETElHtes /514G FataIMEEHRRSPTRIO MBSO IND GBI ® AnsHBwé ot boflimMents 1)
to 5) org), whsseiinthe peidicamo oembzfcattt crysialligepsalslisonsisis i deaguiv alentscaddiy drobromic

acid; and whersi id. i ontai ivalents of - :
2010/04685%(?: /?L%é%)%{ %E%Iél%ggg’%rﬁﬂgg’gﬁ%ﬁﬁrﬁﬂ%&ﬁjﬁ Al ?%?Mr% s N PouND

according toPary BHEsEEIRBGHRTIENtsOL)ZdePPariRkY eth SRENRIRTISoPh BB RERTESHESHP G5/6tallite%salt
consists of l{empRadyivai@ntsquivaisfusicacrdiphthBleAsnoiheiseifdntdinvdnt relateR tdsamyistylline salt of

COMPOUNR areaIAing o Amyans-RESmRaAIMsAle 1,0 7)wherein the Acid compongmk obsaid

crystalline salt consists of 2 equivalents of maleic acid. 11) Another embodiment relates to a
crystalfffe s&TBPEEIMBERIND according to any one of embodiments 1) to 7), wherein the acid
component ¢f safdicestaltimesshltieoasigtsmiptmen(espeltyyiis)egaaalentsrafijumasistacitl 21012)

Another embpdimentieiaigaibaeiysialine sait of GRMROMNRGGCAENG QAR ONE & maleic
acid, 1 to 2 (especially 1.5) equivalents of fumaric acid, 2 equivalents of methanesulfonic
acid, 2 equivalents of para-toluenesulfonic acid, or 2 equivalents of benzenesuifonic acid. In

25  another sub-embodiment, the acid compenent of said crystalline salt preferably consists of 1
or 2 (especially 2) equivalents of maleic acid, or 1 to 2 (especially 1.5) equivalents of fumaric
acid.

8) Another embodiment relates 1o a crystalline salt of COMPOUND.according to ahy one of
embodiments 1) fo 7), wherein the acid component of said crystaline sait consists of 2
30 eguivalents of hydrobromic acid. A sub-embodiment relates to a crystalline salt of
COMPOUND according fo any one of embodimenis 1) to 5) or 7), wherein the acid
component of said crystaliine salt consists of 2 equivalents of hydrobromic acid; and wherein

said crystalline salt contains about 3 equivalenis of water,



embodiments 1) to 7), wherein the acid component of said crystalline salt consists of 2 equivalents of
methanesulfonic acid. 13) Another embodiment relates to a crystalline salt of COMPOUND
according to ané one of embodiments 1) to 7), wherein the acid component of said é:r%/stalline salt

e

‘consists of M %%%Péﬁts of para-toluenesulfonic acid. 14) Another embodifient frafails to a

crystalline salt of COMPOUND according to any one&7of embodiments 1) to 7), wherein the acid
component of said crystalline salt consists of 2 equivalents of benzenesulfonic acid. 15) Another

embodimentélageicaraysianiie’as & eoNROUND betbritiRd W perrsditeembslifiints 1) to

7), wherein ghebagiieasnpanen! wherid aiysialinerapineandsistsdoiristalithtespecialists. o) eguvalents of
naphthalene-1.5-disulfonic. acid ) Another embodiment relates to a crystalline salt of COMPOUND
according toeé%%ai%é‘s o&%%@%ﬁﬁﬁﬂgﬁhts 1) to 7), wherein the acid component of said crystalline salt

consists of 2 @oaivalenimebaarithalsre-#-sulfpnitingidaReltbiwratharesbodinent sejades &0 a
crystallpe salt ol LOMPQUND acserding 19 any,one of empodiments 410.1) whergin e gid
component 6f said crystalfine salt'consists of 2 equivalents of ethanestifonic acid. y Another
embodimen€e|5as i TARLANE salt, especially an essentially pure crystalline salt, of COMPOUND

according to,embodiment 1) or 10), wherein said crystalline salt ists of: 1 equivalent o
COMPOUND G SRS HEIE Al R R ETIBOTING LN E5iy 4P CranBBeithents 2)
to 4); 2 equiveledit@itenblédc’acidieagid WERDIOIIABEBYGT tR0UHe5a6 3P B dlsaduivalénts of

water. 19) ApatheRgmbodinpnhsplaiasinaicnsialline salt of COMPOUND according to embodiment
10) or 18), characterised by the presence of peaks in the X-ray powder diffraction diagram at the

following andfesoftrefractiondi2@nl 6:b5;20. 8% wil!R2. 63 S20PMAGHEDembudingentawates d a

crystalline st &RMEQUND, acgREring 0 eiBhodimentctR) #rskd). sharrisrisndaydbe Rresence of
peaks in the X-ra wder diffraction diagram at the following angles of refraction 20: 5.07, 8.19,
e

10.15', 15.28%1" wt%‘%’%“ ?@f@@, 4.27,and 25.61. 21) Another embodiment relates to a

crystalline saltof CAMBOLINR 88500 BRI DAN LD AP SBNIBISR RSe Tzl shours the

X-ray powder diffraction pattern as depicted in Fig.5. 223 Another embodiment relates to a crystalline
salt of COMPRRINBE drdifig’to WRHSIRIRENEAD)8MP8) 18127 SRR YRR 2ensaltifg S5t 8 about
147C d$ deteynivakdibyiditferéntiahsadimingcalorimetry using the method as described herein.

14) Ancther 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 benzenesulfonic acid.

15) Another embodiment relates o 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) eguivalents of naphthalene-1,5-disulfonic acid.

18) Another embodiment relates to a crystalline salt of COMPOUND according to any one of
embodiments 1) to 7), wherein the acid component of said crystaliine salt consists of 2
- equivalents of naphthaleneg-2-sulfonic acid. ‘

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

eguivalents of ethanesulionic acid.

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

e 2 equivalents of maleic acid; and



1523) In another embodiment the present invention relates to a 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 (6.5 I7 11 volumes); 2. adding maleic acid (256 g, 2.2 @?}FB%O%’ %1)4 i_;.solved in
MeOH (630 »{E?‘fli 6%?olumes); 3. stirring the resulting mixture under refitix for 15 minutes and .
“"cooling to 65- 68C within 30 minutes; 4. optional seéding with 0.04% w/w of seeding crystals; 5,cooling
the mixture to 40C within 3 hours; 256.cooling the mixture to 20C within 1 hour; 7. filtering the solid
under 0.2 bar of nRregérpigA AheRIgTthe solid with EtOAc (1500 mL 2.6 volumes); and 8. drying the
solid under 1 _atmosphere of njtrogen for. 24 hours. 24) Another e | ates to a crystalline
salt of COM#%UN@E 508?‘3?91 ”P(?%?Oer?:]?%%%iﬁ'?en @Wgﬁé@)a%tésraﬁs{e r;}EJt))/C(’)t @@@c%w&é”%{% the
X-ray powdertisttiamivntiagratl)atcitrsdeoaaagbantie e setracibrreeko 8, 1 65-5md Aorvderwo

2010/046857RGHAB AA0HURDAGR Qidiparpm At dhe falavinpandes of refectipn 20662, 9.3, 156,
17.3,18.1, 19.4, 20.0. and 22.8.  26) Another embodiment relates to a crystalline salt of COMPOUND

accordifg t@@mbodlimendB)pdid)cot 28)atwhich essentiallinshewls tiie Xordly poiNderdiffrdiotiotopattern
as Sdepicted in.Fighof 26) APagier smbedinentyplalesiearrusialling galtrhteOMBP YNRAccording

to embodiment 11), ch.aracterlsed’ by the presence of peaks in the X-ray powder diffraction diagram at
the following B SHeeirarbriPoI 89y G895 PEGRERCI0D 8 YA Totier Erttbod bt rBldts to a
crystalline saft®f C NP QUIND , axscokding.f° 1éhe@hdtiment 11) or 27), characterised by the presence
of peaks in the X-ray powder diffraction diagram at the following angles of refraction 20: 5.27, 8.05',

12.93', 19.48] paheaihen . embaiinznb 7elates) ienathey eminsdiffEntfelated RO N SASARESAIE D f

COMPQUNBhaegandingin embodimant LkkAfiinr &@)wsvieherseptallieshidinstibe Xataynpasvder

diffraction p tterneg%lggg_gpicted in Fig. 6. 30) Another embodiment relates to a crystalline salt of
In

i . . . .
COMPOUN E"g'((:;cor to embodiment 11), or 27) to 29), which has a melting point of about 180C as

determined by, diffesieBtiadseamning: Calrisacty usingdheimehnd as demarbrtDergibording to
embodiment 10) or 18) to 21), which has a meliing point of about 147°C as determined by

differential scanning calorimetry using the method as describ_ed herein.

15 23) in ancther embodiment the present invention relates to a crystalline salt according to any

one of embodiments 10) or 18) to 22), obtainable by:

1. refluxing a solution of COMPOUND (882 g, 84% wiw, 1.05 mol) in EtOAc (8.3
L, 11 volumes),

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

3. stirring the resulting mixture under reflux for 15 minutes and cooling to 65-
88°C within 30 minutes; -
optional seeding with 0.04% w/w of seeding crystals;
gooling the mixture to 40°C within 3 hours;

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

L

filtering the solid under 0.2 bar of nitrogen and rinsing the sofid with EtOAc
(1500 mL 2.6 volumes); and
8. drying the solid under 1 atmosphere of nifrogen for 24 hours.

24) Another embodiment relates to a crystaliine 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 26: 8.3°, 15.6°, and 17.3°.

25} Another embodiment re!atés to a crystaliine - salt of COMPOUND according to
embodiment 8) or 24), characterised by the presence of peaks in the X-ray powder diffraction



31) Another embodiment relates to a crystalline salt of COMPOUND according to 20embodiment 12),
characterised by the presence of peaks in the X-ray powder diffraction diagram at the following angles
of refraction 20: 7.21 and 10.00. 32) Another embodiment relates to a crystalline salt of COMPOUND
according tO‘g%ﬁ%?j’i%ﬁesﬁ?lZ) or 31), characterised by the presence of pe)é%”lﬁzﬂqg %2‘-‘?5{/ powder
diffraction diagram at the following angles of refracti¢h 20: 3.97, 7.21, 10.00, 15.99, 2517.16, and
21.02. 33) Another embodiment relates to a crystalline salt of COMPOUND according to embodiment
12), 31) or 3FpdicH dxsdplipuigdsaromes therxrasiopodid Sr difiraictiGrbpatieh 48 dépiétéd ifPig. 2.

34) Another grmbodiment relates to a crystalline salt of COMPOUND according to 30embodiment 13),
characterised by the presence of peaks in the X-ray powder diffraction diagram at the following angles
of refractionZ8): BI¥8handel8AMANMOr2@ 1/ 046 856 PG EIINS 2600/05 483V RO W asticordimgiam at the

following anglasAfFefiaslion 28 %35 Hei%ske it 3198 sLBSL-Ad-L84 sRSBRIhRrembodiment
relates %} a)ggst%lclfr}g i§Ialt7of COMPOUND according to embodiment 13), 34) or 35), which essentially
the X-

shows rgy'/cpowdergdlffraction pattern as 5depicted in Fig. 3. 37) Another embodiment relates to

2 crystalline gt A GMRALNRaRcong (2embodimanc1 dhicharasiaised by edrepenes o

peaks in the X-ray powder diffraction diagram at the following angles of refraction 20: 13.4, 17.5, and
21.3. 38) KHGH i%SPﬁbUdirﬁ%?{?Pé?QF&St Gy RIETRES &t BFD M PESUNTSaLe8RERR TBaren
embodimentiibgyaon 37 chdicactgriseiebyitherprtse Beesct Petks inathe2X -84y powder diffraction
diagram at the following angles of refraction 20: 12.6, 13,4, 14.7, 17.5, 21.3, and 22.7. 39) Another
embodimentfelatesitsa ERReMiIMEsdrFeE dMPOLIERRe ofdlhgto eribdeihEnt aerprdinpokxss),
which essentiaiyditents the o-1z), povedesifeactiontpatiesnasd depigiediin fig . »8radQohasther
embodiment to,a crystallipe of COMPOUND according t bqodime C cterised
by the preseﬁﬁ%&%‘eg rﬁ}lér%hael -?53?) IFP)%V\V/{/n raaﬁif?gc%oﬁe%?gd?grr%%it%h%?%bﬁﬁv%}ﬁgqlg%és@%gefraction
20: 9.9. 14. ZGHH . 21.31° art) Wdther embodiment relates to a crystalline salt of COMPOUND

according to mbodiment 15) or 40), characterised py the presence of ks in the X-ray powder

diffraction di%%@ﬁa%ﬁ]%ﬁ %e%@?&ﬁ%@%n'@%‘c@i@fﬁ ?%fr%cﬁ@'ﬁp 9@.5%@2?5? i?ﬁ)(y%%% 26T [5'921%. 42)
Another emssdiasérientbte 210 o E8)stalicieasarrdBbCING UM D-scorNde tikashodipadat13), 40) or
41), whigh egsgipiially shpws the X-ray powder diffraction pattern as 25depicted in Fig. 8. 43) Another

embodiment relates to a crystalline salt of COMPOUND according to embodiment 16), characterised
by the prese#te dpibaksentthdnerayrpotdetdiffractisnlidiagmah af tROMRGOMRG anglesiiofjréfraction

20: 9.8, 11.ZabslikReht 11440:A00eIsMPRMHMENEIRIARS toof ChYSisling snlt ok GOMRFALIND
according to d%pe %mp?dlment 163 or 43 charagfterlse nol% tshé? %gresence of peaks in the X-ray powder

diffraction diagram &t f8ToNSw ﬁ%r'gﬁgl%gséqgre Fa%qt% ,Cﬂ?ﬂ %?&'22.4, and 23.9.
31) Anocother embodiment relates to a crystalline salt of COMPOUND according to
20 embodiment 12), characterised by the presence of peaks in the X-ray powder diffraction

diagram at the following angles of refraction 28: 7.21° and 16.00°.

32) Another embodiment relaies to a crystalline salt of COMPOUND according to

embodiment 12) or 31), characierised by the presence of peaks in the X-ray powder

diffraction diagram at the following angles of refraction 26: 3.97°, 7.21°, 10.00°, 15.99°,
25  17.16°, and 21.02°.

33) Ancther embodiment relates to a crysialline 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 fo a crystailine 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 28: 5.78° and 19.84°.

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



WO 2010/046857PCT/1132009/054637 11 45) Another embodiment relates to a crystalline salt of
COMPOUND according to embodiment 16), 43) or 44), which essentially shows the X-ray powder

diffraction pater. jcted in Fig. 11.  46) Another embodiment relatg ARBE gr;ue salt of
COMPOUN%aééﬁ%%%P#O 5embodiment 17), characterised by the presenge%ﬁazpeéﬁésgén the X-ray

powder diffraction diagram at the following angles of ®efraction 20:11.2, 15.7, and 20.4. 47) Another
embodiment relates to a crystalline salt of COMPOUND according to embodiment 17) or %4’\%%5
characteris¢tfF3FtRE ﬂ’%@éﬁbéto#‘ﬁefé’ﬂ@"i’f?%é')@i?éyoﬁdﬁfé%?t'aﬁﬁzﬁéti%ﬁfdiaafa(%n dOtRa folidmting angles
of refraction12®B 1t biq 14.84°15.7, 17.7, 20.4, 10and 22.6. 48) Another embodiment relates to a

crystalline salt of COMPOUND according to embodiment 17), 46) or 47), which essentially shows the
X-ray powdéfdiffvaetion patterimesidepirasd 1a Mg CLoUOY THelirfieftioM TGHEP raleteslitg aterystalline

salt, especialiyraaiessentialbaporesryaaling skngaly, 9w ME QNN Ddianh uiyriscasidpatiern as
(AR",2 ",4Rc'j'%.2-%-3]%3{5%,g-dimethoxy-lHbenzoimidazol-2-y1)-propy||—methyl-aminol-ethyl)-5-phenyl-bi
cyclo[2. .2]ocgg-en- -y1 ester); wherein said crystalline salt consists of: 1 equivalent of COMPOUND;

an acid componepbersisiBedrhenowidenulyaleripdiamiiuricacids 2odMPEbRLL Gesiaienss of
water. 50) Aen%tg r e%bﬁglment r Iateg tt()) Ch ce(ystalllne S%F of (%OMPi(])eU_)Ié!D ac%(‘?vréiép %)r embodiment

49), charactense mﬂ? ’rgggﬁageeg?epeaﬁs ki1n tﬁrée%?-nr%?/ pO\Fljvecf‘erS dﬁfrtactlorﬁadia{)gram a thchaTowing

angles of refliaotiom 20ha iolf@ying B@)esnd EAadions2§:Adathdr dintsodiriedt relates to a crystalline salt
of COMPOUND according to 25 embodiment 49) or 50), characterised tj%t'ghe resence of peaks in the

X-ray powdetifiaeiish GEBPAIReR e g afgiie Biteratttin S6™ 85 5% 9198, 1326,
13.69,dnd BbedimBd) Adjotined BmbiedaTiendae|datestio arenestadling sedtkef ICOMPRWMDavdording to

embodiment,do) £0) g 51}, whish £5SRIAINSRONE IS orryPquaer fifffactipp: pastgrn as;:

30depicted in Fig. 4. For avoidance of any doubt, whenever one of the above embodiments, especially
one of embdtii ?5'19), 20), 24), 25), 27), 28), 31), 32), 34), 35), 37), 38), 40), 41), 43), 44), 46), 47),

50) and 51),.tefe "pe in. -r owder diffraction djagr l|ovwin
2010/04685%@0@%80%%%% {;reﬁté%e;’y (gf %ef%é:%%’n% O'%%s?aiagpxi%rg&%?v?@er d?ﬁ?\gf:%g% otl?agram is
obtained by #BRe§IEEKAHradiRiot (Avhich sagre iR vasiwT seuld Be RsTsEBaca BRéeR ESracy of
the 20 1mluegearprovided herein is in the range of +/- 0.1-0.2. Notably, when specifying an angle of
refraction 2theta (20) for a peak in the invention embodiments and the claims, the 20 value given is to

5be understébd d8dhehtemeadisptsapieeiuioningsysiaiins sari value BB @INR oarropdpg 1o

embodiment 18), characterised by the presence of peaks in the X-ray powder diffraction

diagram af the following angles of refraction 26: 8.9°, 14.2°, and 21.3°.

41y Another embodiment relates to a crystalline salt of COMPCOUND according fo

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: 8.9°, 12.9°, 14.2°, 20.1°, 20.6°,
and 21.3°.

42) Ancther embodiment relates to a crystalline salt of COMPOUND according io
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 COMPQOUND according to
embodiment 16), characterised by the presence of peaks in the:X-ray powder diffraction

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

44) Another embodiment relates to a crystaliine 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°,



and preferably from said value minus 0.1 to said value plus 0.1 (20 +/- 0.1). For avoidance of any
doubt, the relative configuration of stereoisomers is denoted as follows: isobutyric acid ‘
(1R*,2R*,4R")-2-(2-{[ 3-(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyg- [ [)-5-phenyl-bi
cyclo[2.2.2;§%)92§§e??1-§3§% ester denominates 10isobutyric acid TECHBIIRESH D >-Pher '
(1R,2R,4R)-2-(2-(13-(4,7-dimethoxy-1H-benzoimidakbl-2-y1)-propy13-methyl-
amino)-ethyl)-5-phenyl-bicyclo[2.2.2)oct-5-en-2-y1 ester, or isobutyric acid (1S 28,48)-2-(2-{[3-(4,7-d
methoxy-1 M2ef?8iRs i dSBRBTRPNY- grRopFHE- i iy MRS S s Bn &b 95@[2???’2’)’8&95-8n-2-y1
ester, or mixtutestiofetitcis, W) endhtioheisssitiadyfen@xathpX-the pasdmatiérddibmcaiiypassed in the
scope of thqj&gﬁwwrr}yge_qtjpn are the crystalline salt forms of COMPOUND, i.e. isobutyric acid
(1R*,2R*,4R")-2-(2-113-(4,7-dimethoxy-1H-benzoimidazol-2-
“yI)-propyli-msth virastrigro eetind)rtepthesitdsicyel o 2 dh2)aiihd-eni24fl ester destyibesdrenein taovherein
COMPQUN in.tacemi n,.J i (call I f i raf absolute
configurator (L AR BA el othehed oo ST iie 2 erandorher of b
configuratioAiFEs 5P @P?Wif&ﬁf‘é?éﬁ’f/’"ﬁ%ﬁﬁi%‘ﬁh@s@t%@néﬁ‘i’i@&é?& Preferred is the

enantiomerically enrjched form. havin ative optical rotation as de ' ing the method as
Gescribedt naroi{ AHE o R RITA fo M e o DAL g s DR OB AP s,
diseases anefmbediikenthidiscttdsiameisigaciBy AsirmjrsetapduneRkall) dheh&iRe. PBTse term

"enantiomerigaliieRrishgdrsundarsiaaddn e contextelitheprasent nwentionto mean gspecially
that at Jeast 90, preferably at least 95, and most preferably at least 99 per cent by weight of the
comPBuUNB'd ﬁresent in form of one enantiomer of the COMPOUND. The term "essentially pure"

Is understoggsin A*astﬁgpt@aﬁm&msr@r@é@ménv@n;ioengezm%n SOk espesislp gt Isazi-a0, preferably
at least 95, and most preferably at least 99 per cent by weight of the crystals of a COMPOUND are

present in aFRPSEIMAR thrin*Be Cortind i ThessRoLaHY FaRibE SpLeatiandiiadire eRIEAIRRe form of

the present depérigidim Mdgheh. defining the presence of peak in e.g. an X-ray powder diffraction diagram,
a common i%proach is to do this in terms of the SIN ratio (S = signal, N = noise). According,to this

WO 2010/04835 7P 19183004881 ¥ fetmitialingsrih eaRAG MAR £558aRA L 5PNt in an
X-ray péwdendiffragtiorCisigraldiit is (sutetgtaod Hud the (REARM4RE- Xy polntdindiffiagtioh diagram
is defined b%é}%ﬂ%%eoﬁébylge&%ﬁ.ﬁqém%ﬂ%@@%ﬁk@é%@l&&i&%m.@a&e-i@g@zlysmg%@} value

greater than 1), usually greater than 2, especially greater than' 3. 5In the context with Stating that the
crystalline fOVFFEEsEAAANGIRGS ARV 9B vder diffraction pattern as depicted in Fig. 1 to Fig. 11,
respectively, the tetrgidssentiliyOrie@nsithat at least the major peaks of the diagram depicted in said

figures, i.e. thoge having, @oﬁ%@&k‘é%éEB%’%%%&BP&BB%&H%3190%6?%?98%% QY& pn 20%, as

compared to the most intense peak in t lagram, have to be present. However, the person skilled in
the artF 10X-ray BRI MR HifdeEognize that relative intensities in X-ray powder diffraction
diagrams maybe sybiect g siieng Intensity variations. fy to prgfeired SriepiaiRn slfesii) niess used
regarding temperatures, theterm "about” placed betore a numerical value

embodiment 49), characterised by the presence of peaks in the X-ray powder diffraction

diagram at the following angtes of refraction 26: 11.78°, 13.69°, and 14.19°.

51) Another embodiment relates fo a crystalline salt of COMPOUND according fo

25 embodiment 48) or 50), characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 26: 2.85°, 8.50°, 8.50°, 11.78°, 13.2¢°,
13.69°, and 14.19°. |

52) Another embodiment reiates to a crystaline salt of COMPOUND according fo
embodiment 48}, 50) or 51), which essentially shows the X-ray powder difiraction patiern as
30  depicted in Fig. 4.

Fer avoidance of any doubt, whenever one of the above embodimenis, especially one of
embodiments 19), 20), 24y, 25), 27), 28), 31), 32), 34), 35}, 37), 38), 40), 41}, 43), 44), 46),
47), 50} and &1), refers to "peaks in the X-ray powder diffraction diagram at the following



refers in the current application to an interval extending from.X minus 10% of X to X plus 10% of X,
and preferably to an interval extending from X minus 5% of X to X plus 5% of X. In 15 the particular

. _case of temggyalysResibe term "about” placed before a temperature "Y" ifgigigothgfdrrent .
application to an interval extending from the temperature Y minus 10C to Y plus 10C, and preferably to

an interval extending from Y minus 5Cto Y plus 5 2 Room temperature means a temperature of

about 25 C. When in the currenj application the term.n equivalent(s). is ysed wherein n is a number, it
is meant and’ ﬁﬁﬁg}ﬁgascg%;%f’ t??aéécgﬁrra@ﬁ{) %Bdgp%ﬁé%%%ﬁ ﬁ%%?rﬁ&si?e?grﬁ%dtgya oLt tﬁgﬁﬁl’rlnber n,
preferably magiagberiing toies ékaendunsheuid bEhmdeysittinbasdits asspecially e Aswelntiakg pure

crystalline salts; 0k GOMPOHNR Accrding © ARy OReehAMANHEERLE kY tonohgras: herbssh as

medicaments, e.g. in the form of pharmaceutical compositions for enteral or parenteral administration.
25The prodeidfbh@PHRY Brgak R diidyeolpRpERASTE LR B dbR SR T WHENRNYSHIER RifPoe
familiarsto apy peisenckidednindae art(seedanexampleiRenfingtend ThecStiernegad Practice of

Pharmacy, 21st Edition (2005), Part 5, "Phar eutical Manufacturing. [published by Lippincott
Williams & Wﬁ?ﬁ%%r%f%ﬁﬁ@r%'?hveatlgréys A an? oFPn%a(')%\{ﬁteu %Perusseﬁﬂ[{in@gntfgﬁ]ﬁr)]ptionally in combination

with other thefapgificlilyoyahipRigsubsianess &eﬁm@%oga&e&mb@gm&s@r@@m&m tomsIber with

suitable, non-toxic, inert, pharmaceutically acceptable solid gr. liquid carrier materials and, if desired,
usual pharn‘fé’@é’ﬁﬁk?a?%{éjgﬁn@ ﬁ%@%ﬁ?ﬁi@%ﬁﬁ&?@%&}ﬁéﬁ%ﬂ% @édsaezr?tzi"aﬂ‘{}?boﬂ?g @r'yné Q]Vﬁﬁ'e salts,
of COMPOUNDetvibghenyhiornoit daibddirpedty! Epter SEpemiyeiRs used as single component or
as mixjgres;yithothererystaliined S g e @menRlaetsx formfE MR- MBI -methyi-
2010/046857P,C%§§%09/054{ 37 ]14 él’ & CQ(_ falline F,altts,{ especially the essentially pure crystalline
salts, of COMPE NG AR e S enthaaiiants ©) to 51) are useful in the preparation of a
medicamentsahdisicareaiditdhfe 2 fof SretRfinteRtdmpieventiorpetzstiviine Stalersprian#iPertension,
ischemia (repahapastasdinehcarsiopariytiryas inaiustirg atrial fibrillation, cardiac hypertrophy, or

congestive heart {ailure 'ghe (iwgtallln{s salts, eaﬁ)egi?lly the e%s[%nt;gllg pyre crystalline salts, of

COMPOUND %’f:&%sinogf &oeg?ly One of embodiments ﬂ 2 @ﬂ?tare fUFther also useful in the preparation

]?f ar:n@gicaﬁ}%hﬁ\%é@é‘éﬁfgﬁ %t%%@Wﬁ]éolmvg’ag Ciiﬁ%%ﬁ@ng@@D}?}@'Qﬂ%@ﬁiﬁbawwmﬁhé?@tion2 10
or the treatment of renal diseases, diabetes and,its complicati raldosteronism.. epilepsy,
neuropathic%(%w)gpﬁgégr fﬁ%ﬂ%’%?&%@%tf?g rﬁgrﬁ %%I@fgnﬁgénﬁ%ﬁgﬁ |ﬁ%r$ ﬁgﬁgrl?f ﬁé’é‘?p
anti-asthmatio-pgeni: methdiasiosicihvic ageny-biduirie o2terdiopicy it s6latiotRs PRIy
bypasses, agimshiethvmaharicheRP, asantiagaregantasenineriasipgsntfedtheirestment of
unstable angina; 15 for treatment.or prophylaxis of hypertension, especially portal h ension,
hypertensio%@é‘%ﬂ"& 5@}% t?ggi?ngﬁ?f\iﬁﬁ%té%tﬁ%ggg (é%[fﬁ’aﬁdﬁ%%siﬁgﬁﬁl”ﬁf e?t%%g%(?w ? © (r)r?’ %iqek?n
hypoxiélor issretvietiseagessve oatalrstpemie 2§ ottt PERIRePMOMPE R HURESPeNE and
cerebral ischapnfoaReseReRfHSIOR: (B e fatitiibgealiesmasiamoim eaaRg bypassseruenypetsanary
and cerebral vaspspasm and the like, therapy 20 for,peripheral vascular diseases (e.g. Raynaud's
disease, intgfrr?}l?t%ﬁ%@é%alsé%%gﬁ Y8 hgf/ias %ésg%ggrsﬁeﬁbkle cell disease including initiation and/or
evolution of {aesRAIALCHSI% form is used for compounds, salts, pharmaceutical compositions, diseases

and the like, this is intended to mean also a single compound, salt, or the fike,

25  The term “enantiomerically enriched” is understood in the context of the present invention to
mean especially that at least 90, preferably at least 95, and most preferably at lsast 89 per
cent by weight of the COMPOUND are present in form of one enantiomer of the
COMPOUND.

The term “essentially pure” is understood in the context of the present invention to mean
30 especially that at least 80, preferably at least 95, and most preferably at least 88 per cent by
weight of the crystals of a COMPOUND are present in a crystati’ine'form agcording to the

presént invention, especially in a s'ingle crysialline form of the present invention.

When deﬁning the presence of peak in e.g. an-pray powder diffraction diagram, a common
approach is to do this in terms of the S/N ratio (S = signai, N = noise). According to this



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 igjdry, gk damage related to age or dialysis, nephrosclerosis.-Agphioisiciy related to .
imaging and contrast agent and.to cyclosporine, renal ischemia, primary vesicoureteral reflux, or

glomerulosclerosis; for use in therapy for myocardidPinfarction, treatment of cardiac hypertrophy,
primary and secondary pulmonary hypertension, therapy for congestive heart failure in¢luding 30
*Inhibition of YRFLRS: HHBIABHIEF 14K SRR SRS BloTe e BuaTA, A o SURELOM T8 R Gtenosis
following anijiepraistislopstibatiiy, Pimktieheedtmepvedendtesiamnidiagrandotstirediydke big an
hem0rrrhag19rsh&%tsfersﬁQ@atrwm%%sMrdﬁwm%'rng hath-reeBa(eracdigrasfunstian e.g. due
to diabetes mell”us E%anr cr%d inégre{éﬁad;gg]lt eprﬁgaaéectomy, psychogenic etiology and 35other
mﬁrovir%‘ 86d’ o{ € génitalia, especially corpus cavernosum; WO

causes) and’ %\L/Jgn){eq# W

2010/046857PHI/B2009/QA63Z:45 fik:the Ppxeninn And/tedusiion i ranrexonedwmigan
damage assgciated with cell gr liferation;_ for theeﬁc?r(gy1n f metaboli d% orders, or chronll,c; inflammatory
e

diseases, ind fﬁﬁt&gb%%é?}ta ?i%tﬁqrﬂ%t}f-l'i%-&é% GREREREHe ﬁj?f&h&eﬁ%ﬁf@%ﬁﬂ%%%ns (e.q.

neuropathy isretihigsatiyy maier aekistefohstizbene demadeliingaiosbaiisks, i@thness inhiaoid

arthritis, ostegaiBriigsatrdatis Qfa‘ﬁcif@maégﬁéc%ﬂg‘?ﬁg?@ih%r _ib%,trgétﬁeﬁﬁk?ﬁd"ﬁpﬁet%@ty and
sudden deat3 early and a vagced liver disease apéjsérrqtgr% |nclud|q attendantk%m%h%jaetgﬁ g?g

hepatotoxicff] ?ﬁ%erés%%‘f SrrhGs 's‘;)?r&@]e SIS cSrPsequenceosW 8t timord€0eR &8 ypertensionresulting

from T hemarigiopetitytifraciopasticrepsonisestofttheaivaanianadeario/drelagdwdsh apémsismnal
. syndrome, iggHRQgIgNdisRRSE SoIBYEON NdarREg WilisHehdas (UpHSRYatenieRaaeRstINixed

cryoglobulinemia, fibrosis associated with renal dysfunction and hepatotoxicity; for use in
gastrointestipakaisesskregartingdancerativesc dhitide Orohns:tlisiease, ipheie muneted dabags, ulcer

inflimmatﬁf}l/emg:ﬁl %%ﬁ,@%ﬁ@%@i%@ﬁ%@mﬁ%@% Yehladderer e dustbaseg.diseases
Suchn as cho QI pancratjus,, reguiation or ce row eagning r§a Iro ,
ranemanta o8 P R T R SRS oA NR Src barcE o X n
bronchtcon$teictivicoadissrde’ ofrehrbngs.chadene intarinraaicsd beidras tsinxparetive Pliinatsnary
disea;e alndrﬁﬁwtcgmsa%ﬁwm@m@d :a%t’ﬁrf@wéleeﬁd&ﬁag%gf %iﬁeiﬂﬁ%%n@tﬂewﬁﬁiﬁﬂ'ﬂ@@m
peripnheral pain aln assocla WIth cancer sucn as pain SQCla rosiqle cer or
bone-cancef’ u?c?ﬁhe‘t%at 1en r%&%é%t?ﬁl‘?]%%%{u%ﬂs‘ays e 5%@35@?“&%%&2#8 gptﬁ? Sa?%t sctc"r?)Fgoe?n?ransient
ischemic attiokeeraiigeditrermd Sutnaatinciehew i iagd esnirdinhewisnsappirarrbéraiatuml

disorders, tregimaaiof)demertinnadinding Ahebactisdamantiacriiip 2ndetnentanadyasaular
demer%'i, eE’aHSf?cS i’ogrtﬁla%erp igl%%glj”r?rrng’tgrabout the number n, preferably n is referring to the exact
number n.

The crystalline salis, especially the essentially pure crystaline salts, of COMPOUND
according to any one of embodiments 1) to 51) can be used as medicaments, e.g. in the form

of pharmaceutical compositions for enteral or parenteral administration.

25  The production of the pharmaceutical compositions can be effected in 2 manner which will be
familiar to any person skilled in the art (see for example Remington, The Science and
Practfce of Pharmacy, 21st Edition (2005), Part 5, "Pharmaceuticéi Manufacturing” -
[published by Lippincott Williams & Wilkins]} by bringing the crystalline forms of the present
invention, optionally in combination with other therapeutically valuable substances, info a

30  galenical administration form together with suitabie, 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 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 %gﬁgmﬁ}&ggg] to a subject a pharmaceutically active amount g&&¥§[§%iqg3§alt, especially

of an essentially pure crystalline salt, of COMPOUND 30according to any one o embodiments 1) to
51). Furthermore, the crystalline salts, especially thé4ssentially pure crystalline salts, of COMPOUND
according to_ any one of embodiments_la to 51) may also be used fayourably in combination with one
or more ageHts <E¥ERUR% SATSipRFRSHEN N J Gg ERTE Wl R GaBRE 3NS5t SR B8 WBumarins,
~ antithromboticcagémgscserohoas ofapidodiretnt8Hlockersr35erid ottier wardicrotettivesslifensnt WO
2010/046854 R F/B2Q09{AR4637 16 The present invention also relates to a process for the
preparation of COMPOUND in racemic and enantiomerically enriched form, and to processes for the

preparation andCEHAFAEEIDER o HrR¥SRIAMmML SRS EBRIBIAIRD KRR 1S5RS YR B!
embodiments 1Jrtd 5djisaid @rocesseddhentesoritheting theskXjpelimtientalapdechblpartSkiyperimental
Part The followjng Examplesdfglrate the invention in more detail. Temperatures are given in degrees
Celsius. If not stated otherwise percentages are given by weight. Abbreviations as used herein and in
the descriptitie abgeeiibeagaiguespsctsialibet £6adlsimnpcinso nmadtdjtep psits sifica@dPOUND

DCMdichlorgmethane DIEAJISaRIARKLAMRINE 43P WEAdisoRaRyLLIKEMING. 'H»Léfsbigr'&tigﬁ%‘?a
ethyl-diisopropylamineDMAP 4-d|methylam|no-p}/rld|ne DMFdimethylformamide DSCdifferential

scanning caﬁ’&?ﬁﬁ@%@cﬂ%ﬂﬂ’iﬁfeﬂ@?'e for the following disease groups alone or in any combination:
10« for the treatment of renal diseases, diabeles and its complications, hyperaidosteronism,

epilepsy, neuropathic pain, or cancer in humans and other mammals;

« for use as anti-fibrillatory agent, anti-asthmatic agent, anti-atherosclerotic agent, additive
to cardioplegic solutions for pulmonary bypasses, adjunct to thrombolytic therapy, as
antiaggregant agent, or as agent for the treatment of unstable angina;

15 e for the treatment or prophylaxis of hyperiension, especially portal hypertension,
hyperiension secondary 1o treatmant with erythropoieiin and low renin hyperiansion;

« for use in hypoxic or ischemic diseases, or as anii ischemic agent for the treatmeni of
e.g. cardiac, renal and cerebral ischemia and reperfusion {e.g. occurring aiter
cardio;ju%monary bypass surgery), coronary and cerebral vasospasm and the like, therapy

20 for peripheral vascular diseases (e.g. Raynaud’'s disease, infermittent claudication,
Takayashus disease), sickie cell disease including initiation and/ar evolution of the pain
orisis;

« for the treatment or prophylaxis of disorders related to renal, giomerular and mesangial
cell iunction, including acute and chronic renal’ failure, diabetic nephropathy,

25 hypertension-induced nephropathy, glomerular injury, renal damage reilated to age or
dialysis, nephrosclerosis, nephrotoxicity related to imaging and contrast agent and 1o
cyclosporine, renal ischemia, primary vesicoureteral reflux, or glomerulosclerosis;

« for use in therapy for myocardial infarction, treatment of cardiac hyperirophy, primary and
secondary pulmonary hyperiension, therapy for congestive heart failure including

30 inhibition of fibrosis, inhibition of left ventricular dilatation, remodelling and dysfunction, or
restenosis following angioplasty or stenting;

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

e for the treatment of sexual dysfunction in both men (erectile dysfunction e.g. due to
diabetes meliftus, spinal cord injury, radical prostatectomy, psychogenic efiology and

35 other causes) and women by improving blood flow to the genilalia, especially corpus
cavernosum,



20Et20diethyl ether EtOAcethyl acetate EtOHethanol Fig.figure hour(s) 2511-1-NMRhydrogen-1 nuclear
magnetic resonance Heptheptane Hexhexane HOBt1-hydroxybenzotriazole MEK2-butanone

. 3OMeCNaC?98i&%glé\/l&ghmethanol NEt3triethylamine Pd/Cpalladium on%@é’g@éjisopropanol
~ 35Red-Alsodium-bis %-methoxyetht)xy)aluminumhydri’de ‘WO 2010/0468 009/054637 17
RHrelative humidity rtroom temperature rpmrotationdder minute sat.saturated 5TBMEtert-butyl methyl

ether tert.tertiary _ _ . .

« for the prevention and/or reduction of cancer or end-organ damage associated with cell
proliferation;

= for therapy of metabolic disorders or chronic inflammatory diseases, insulin-dependent
and non insulin-dependent diabetes melliius and their complications (e.g. neuropathy,

5 refinopathy), hyperaidosteronism, bone remodelling, psoriasis, arthritis, rheumatoid
arthritis, ostecarthritis sarcoidosis, or eczematous dermatitis;

« for the freatment of hepatoloxicity and sudden death, early and advanced liver disease
and infury including attendant complication {e.g. hepaiotoxicity, fibrosis, cirrhosis),
deleterious consequences of tumors such as hyperiension resulting from

10 hemangiopericytonﬁa, spasiic diseases of the urinary tract and/or bladder, hepatorenal
syndrome, immunological diseases involving vasculitis such as lupus, systemic sclerosis,
mixed cryoglobulinemia, fibrosis associated with renat dysfunction and hepatotoxicity:

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

15 biadder or bile duct-based diseases such as cholangitis, pancratifis, regutation of cell
growth, begning prostétic hyperirophy, or transpiantation, or for use gs anti-diarrheal
agent;

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

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

¢ for the treatment of central nervous system vascular disorders such as stroke, transient
ischemic attacks, migraine and subarachnoid hemorrhage, centrzl nervous system
behavioural disorders, treatment of dementia including Alzheimer's dementia, senile

25 dementia and vascular dementia, epilepsy, or sleep disorders; or

L]

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

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

disorder mentioned hére?ﬁ comprising administering to a subject a pharmaceutically active

amount of a crystalline salt, especially of an essentially pure crystalline salt, of COMPOUND
30  according 1o any one of embodiments 1) to 51).

Furthermore, the crystaliine salts, especially the essentiallty pure crystalline salts, of
COMPOUND according to any one of embodiments 1) 1o 51) may also be used favourably in
combination with cne or more agents selected from lipid lowering agents such as statins,
anficoagulants such as coumarins, antithrombolic agents such as clopidogre!, p-blockers,

35  and other cardicproiective agents.



THFtetrahydrofuran TsOHpara (p)-toluene sulfonic acid XRPDX-ray powder diffraction 10X-ray powder _

diffraction analysis (XRPD): Method 1: X-ray powder diffraction patterns were collected on a Bruker

D8 Advance X-ray diffractometer equipped with a LynxEye detector with ' D ted with Cu
“Ka-radiation'\1i e Iﬂé{():%?ogﬁplgeometry (Bragg-Brentano). Typically, the X-rayﬁtct\x)}gé%(vaggg)r‘j?]% 40kV/40mA.
A step size of 0.02 (20) and a step time of 37 sec oV€r a scanning range of 2 - 15 50" in 2theta (20)
were applied. The divergence slit was set to variable V12 or V20, dependent on sample holder depth.
The powder {EnBIRSES Y 8L 135 "GIRA AP AMEaEH0 Wighsr RIARATIRUSY ightNPpltssed
into a silicon=gigie endstalsampéeiduidenvidtiedeptin 0k0dl mmroceksas fandhsapplesalierearstated in
their own plane during the neastiRLenkSelesiom semples WRIRCRVEREdudth: KaBiam{e:Diffraction

data are reported 20 using Cu Kal = 1.5406 A), after the Ka2 component has been stripped using the
instrument d9&llafRiA RORGHRS BEX/AG3PPSH dRBR SRS BHER RALPSIGHal has been removed using the
instrumgnt evaluation software (EVA), for samples that were covered by Kapton during data
acquisition. The accuracy of the 20 values as provided herein is in the range of +/- 0.1-0.2 as it is
generally th% gﬁggﬁtgppgﬂntionally recorded X-ray powder diffraction 25patterns. Method 2: X-ray
powder diffraction patterns were collected on a Bruker D8 HTS X-ray diffractometer equipped with a
GADDS HiStas delestas eperaied WitkiGie Ka:radiation in relieciiemyctenaieyatlypicatygithe Xeray tube
was run at 4 kyéés()?@@ggsh% Hgt&%q%%r& séﬁﬁggogg}(?&%%gc&e%e&vgﬁlgg \geci:&q_lfled Corundum standard

8 : :
(NIST 1976). §amp es run under ambient conditionS were prepared a$ flat plate specimens using
powder as rag@iveehtpRraximatehemasd tharsogplaipasrossilyepressed on a microscopy slide. The
data were collected over an angular range of 7.6 to 26.7 20 in 1 frame with an acquisition time of
180sedbnd. &iffraction data area@gorted without Ka2 component stripping and the background signal
has been regoved using the inggyment evaluation software (EVA). The WO

20101046857 CT111320091054'637 1% accyracy gf the 26 vallrjes as provided herein is in the range
of +/- 0.1-0.%%s it is generally tRe"RESTOrEAR rerﬁ}tlgn%ﬂlf/! r&edrded X-ray powder diffraction patterns.
Melting poinBSMere measured GicBiBUBRIBBA0 apparatus and are not corrected; or were measured,

if explicitly stated by differential seapripg-saleemetrv (DSC): 5DSC data were collected on a Perkin
Elmer DSC7 ically 2-3 mg of sample, previously stared open under dry.nit 3[?: nqyrs, were
heatedP a aiogs%e% gold pan at %%%ﬁ%’ﬁ({%‘]y}%ﬂ{?% %g@@.ﬁwpé’ﬁfneg pegﬁ ts@%é%%%%i% as peak

temperatures. Optical rotations fvérestsiastiredsifi9asco P-1030 apparatus at room temperature
using the D-fingrof sodium (2L w{@Anymynldid<-NMR were measured on a Bruker Avance 400 (400
MHz); chemg'ggﬁl:shifts are givencj%grgmiarﬁ%%g}{%@ 5'%1%§'%L&?t used; multiplicities: s = singlet, d =
doublet, t = triplet, g = quartet, p = pentuplet, hex = hexet, sept = septuplet, m = multiplet, dm =
doublet of méfitiplet, br = broad,%&ﬂiﬁ@t@énstants are given in Hz). NMR assays were measured
using ydrogigone dimethyleth@etagi istesnal standard. 15Hygroscopicity was assessed through
scanned graE\:lj[@Eéric vapour sorg;,i‘?/par%qg@urements on a SPS11-100m (Projekt Messtechnik, Ulm,
Germany) (scan rate was 5% relative humidity change per hour, cycle started at 50% relative humidity
followed by &'&¥%an to dryness aﬁ@‘i‘ﬂ?hpwards scan to 95% relative humidity). Classification was done
according tortige European Phaffigaeopea Technical Guide (1999 edition) (e.g. slightly hygroscopic:
increase in mass is 20less thanr%)g)rggd equal to or greater than 0.2% mass/mass). The mass change
between 40% relative humidity an % relative humidity in the upwards scan was considered. LC-MS

were réf using W& following corHIGHE N FiRHIERT NaFGHERAFFEMS 1100 Binary

Hept heptane
Hex hexane
HOBt 1-hydroxybenzotriazole
MEK 2-butanone
30 MeCN aceionitriie
MeOH methanol
NEt, triethytamine
Pd/C paliadium on carbon
2-PrOH isopropanol

35  Red-Al sodium-bis(2-methoxyethoxy)aluminumhydride



Pump and DAD, column: 4.6x50 mm, Zorbax SB-AQ, 5 um, 120 A, gradient: 5-95% acetonitrile in
water, 1 min, with 0.04% trifluoroacetic acid, flow: 4.5 mL/min, tp is given in 25min. Compounds are
purified by preparative HPLC (column: X-terra RP18, 50x19 mm, 5 um, gradient: 10-95% acetonitrile in
water contai iﬁjodf'g’%sg’!f formic acid) or by column chromatography on 'ﬁﬁgélﬁéq‘.]%’éﬁ%ates can be -
separated into their enantiomers by preparative HPUC (preferred conditions: Daicel, ChiralCel OD
20x250 mm, 10 1.1m, 4% 30ethanol in hexane, flow 10-20 mL/min). WO
2010/04685PCT/1B2009/0546871e Piajsibation and characterization of COMPOUND The
preparation©f COMPOUND is kanawte#ipenaWy@2008/132679: Preparation of intermediates General
procedures for the preparation ' iates K: Key intermediates KIA and K2A which are
bicyclo[2.Z.gﬁ)%ct-S-en-z-yl or b?éi/c (gﬁ] é%ﬁi%k - en-6-y' derivatives are obtained as a mixture
between thé#hajor racemate h&ANGHR® relative configuration (R",R*,R*) (i.e. the bridge -(CH2)2- of
the cycbhes@memoiety is cis tadhegrooetRAteeing hydroxy) and the minor racemate having the
relative configuration (R*,S*,R*) (ii&.the bridge -(CH2)2- of the cyclohexene moiety is trans to the
group -OR2 being hydroxy). The 10 major and the minor racemates can be separated as described for
key intermedidie K1A in procedGFENESTU#R major racemate is isolated and used in the preparation
of the exampi€gbelow. MA: ragétRf) 2RIudRL s(2fddiycciody-5-phenyl-bicyclo[2.2.210ct-5-en-2-y1}-acetic
acid tert.-bupaester 15K1A.1 (B(_Q?gméjd@f)éé%ﬁ(lR*,4R*)-BicycI012.2.2Ioctane-2,5-dione 25 mL of
2-(trimethylsilyloxy)-1,3-cyclohexadiene and 13 mL of a-acetoxyacrylonitrile were mixed and heated at
150C itha clsed wessel dotr2Zidn diwyvebtedreddark orange viscous oil was dissolved in 200 mL of
MeOH. Aftensigawise,addition, gl asalition Bldemd QEsodimanmetioxide o, L miyofMeQH the

reaction mixture was stlrreéb%or 3 h at rt, poured into 20 ice/water and extracted with DCM. The organic

phases wer8lEGEERRiSteRAIHPPSELETENA tHEERYBedRisiiRie Wilisutiiid@wyreesalfth EID AHEpt (1:2) to
yield 7.9 g ottaatdhRA, 4R ctiey glaiei?| 0Btang-Rednttione. Typidd§, tRe R4 mibe KA. 2(Preicedure
Al.2): rac-(LR* 4R )-Spirefkicyclo -2,2 1dio -5- i )

rac-(1 R*4%’%‘@@;@8%Aé%%%é%%é@%%qgﬁ%?}fgfﬁé%?ﬂé éﬁ?%%od?ggfﬁ/%%ﬁ] L{bgo%rﬁ éeo?ftgluene, 1.7
mL of &thyléte dlyEbIiRd € 78 TP RS aHUEEAINE tHE YGBitR iraydERied ifd&F WgBrous
stirring to reﬂepefmreatfph.sih@imtaﬁdend@ﬂmwF@wwasmle@btmxtrnfqm@n‘bhedi with gatitraded ashut 3
NaHCO3, eég%éeﬂr"‘@'tmrﬁtggptﬂf‘ﬁég%i@&%%%@&‘ﬁ%aﬁ SYAROLAIGE A FUAIG RN AGIEH Wi purified
by CC with Hex-EtOAc (7:3) to yield 302.41 g of ] ) ,
rac-(1R*,4R*FRBirBfbicy B2, 8" 2]o Siah 2 2 SRR T 0¥ BB N 5 6 e A VR W BilPeeeMETHg 28,64 min;
[M+H+CH3GNits 22h3F. SAIEr20 Ba/0g68S/ARCIFBI2D08I084687 foil. Diffraction data are reported

20 using Cu Kol (A = 1.5406 A), after the Ko2 component has been stripped using the

instrument evaluation software (EVA). In addition, the background signal has been ramoved

using the instrument evaluation software (EVA), for samples that were covered by Kapton

during data acquisifion. The accuracy of the 26 values as provided herein is in the range of

+/- 0.1-0.2° as it is generally the case for conventionally recorded X-ray powder diffraction
25  patterns.

Method 2; X-ray powder diffraction patiterns were coliected on a Bruker D8 HT3Z X-ray
diffractometer equipped with 2 GADDS HiStar detector operated with Cu. Ke-radiation in
reflection geometry. Typically, the X-ray tube was run at 40kV/40mA. The instrument is
performance checked using a certified Corungum standard (NIST 1576). 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. Difiraction data are reported without Ko2 component stripping and the

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



20 K1A.3 (Procedure Al.3): Mixture of rac-(7R",8R",10R*)- and rac-(7R".8S".10R")-7,10-(1,2-
Ethvlen)-8-ehenv1-1 4-dioxa-spirof4.51decan-8-ol To a solution of 2.41 g of
rac-(1R",4R*)-spiro[bicyclo[2.2.2)octane-2,2'41,3idioxolan)-5-one (intermediate KlA._Z%in 80 mL Et20,
14.5 mL phe ﬁ%?é H@gﬁjm bromide solution (1M in 5 Et20) was added c}’r‘aﬂaﬁéfé"%{% 30 min. The
reaction mixture was stirred for 4 h at rt. Then, the mikture was quenched carefully with ice, 8 mL 2N
HCI were added and the phases were separated. The organic phase was evaporated and the crude
product wasptiified ByheGavittiprept-F@le (7epyitoigivéhe. sangeodf +/- 0.1-0.2° as it is generally
7,10-(1,2-etimdensSrphenykisd-dioxaspiteioldeean-d-ohigrmeniariase @i, (Separation of the
diastereomers by CC is possible but 10was not performed here.) LC-MS: tR = 0.84 min; [M-H20+HTr:
243.34. K1A%l{Peopeitisreveke Measiced R, 4FBY<E: BheHY kbivyelof2ap @ dorrétenr@dded Bowesolution of

0.54 g of 7, abhiZe0thiisepl-Spherd: biddissanpiceld pidecanSahiniganediate K1A.3) in 20 mL
irred for 2 d at rt. The reaction

acetone wa ded 200 mg of TSOH and then the mixture 15 was st
mixture%was%qguger‘%?mae\c'ﬁ{/(iatf?%ﬁgg%q REHEDS, gi("tjr%[c%gg @it#%ﬁ%@(?én@?h‘g 8?55?‘1?0 BW&?@WaS
evaporated Sihedcpnge yrériuty wirsgaiviieed by UG witheHepteato ACI¢78) g0/¢ nan G320 Coin™
rac-(1R*, 4Rfxfr ey icyaio iMekind 96lnts s 2:pBR A6 Yol aT Rk AkMS: tR = 0.93 min;
[M+H+CH3CNr: 240.11. 20K1A.5 (Procedure Al.5):

rac-(1R".2ROatica) rptatitnsrweyesreias ivdcoity el B Mo th- B amvaliss alcaoraciiperaiisatybisgter and
rac-(1R", 2Si, AR )ré2 s prehsiavihicyclo12.2. 2loct-5-en2-y1)-acetic acid tert.-butyl ester To a
solution of 0.51 mL of DIPA in 0.5 mL THE 2.2 mL of n-butyllithium (1.6M in Hex) were added
dropwite at 2081\ fter<l theainr&iSomb Bfddlieneeratdted antd-thersolitiormas:2s giigedfor 30

min. The mixpgeas aPIRd J8vaHGsOur R Rbedt syl geetatequar. added and sliujnguyas
continued for 1 h at -50C. Then 0.32 g of rac-(1R",41R")-5-phenylbicyclo[2.2.2]oct-5-en-2-one

(intermediat® K PRIMRRE SRSt e T ERPRIE a Btie At ledse s bRl OE mHPiSE B0 T0 -20C
over 2.5 h. Thedeactipimgnirtusienizas goiieedrorAL bR kiShythesoegasac phaseingpisydeparated,
washed andigyapokaie »d heemrudeeagtion 30 product was purified by CC with Hept-EtOAc (9:1) to
yield 0.30 g of the major racemate,

rac(1RIS2R "2 dmdtpwesd pisemddibymiof? 22 oet- ramdeyl) -anetic aciditert+autylresignsas white

solid and ng 9@6&@@ —%69{ (@rﬁ%ﬂ%sstecﬁnik, Ulm, Germany) (scan rate was 5% relative humidity
ractiR",2S",4R*)-2-hydroxy-5-phenylbicyclo[2.2.2]oct-5-en-2-ylyacetic acid tert.-butyl ester, as

colorless oilTRESETMAI0r PEBHATEH BR1% ERIHYR NHIRIASYTSYevs s By 418con 1oy aisEid € minor
racemate): tRwaitdeSeamidvEthl yela8ub HBnidiQ 2CESAE85 1RE THhB 2000/0164 63 T2 IEKbA=6n (1S 25
4S)-(2-Hydrpky5r l-hieye ; > CeLic Al = : ;
(1R ,4RP.gétﬁ%?z%%ﬁﬁ’%@fi?ﬁ%%f&ﬁ?aé‘i%?fb%s‘ﬁw.but§?&t§?SS s
rac- (LAY 2ROARIEE2 410 i S BIRS to 22 Al BEE D - A BRI B ween

40% relative humidity and 80% relative humidity in the upwards scan was considered.

LC-MS were run using the foliowing conditions: Finnigan Navigator with HP 1100 Binary

Pump and DAD, column: 4.6x50 mm, Zorbax SB-AQ, 5 pm, 120 A, gradient: 5-95%

acetonitrile in water, 1 min, with 0.04% trifluoroacetic acid, flow: 4.5 mi/min, {z is given in
25 min.

Compounds are purified by preparative HPLC (column: X-terra RP18, 50x1¢ 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).



5ester was separated into the respective enantiomers using prep. chiral HPLC (column: Daicel
ChiralPak AD-H. 20x250 mm, 5 pm; Hex/ EtOH 95:5, flow 16 mL/min) Chiral analytic HPLC (Daicel
ChiralPak AD-H, 4.6x250 mm, 5 pm; Hex/ EtOH 95:5, flow 0.8 mL/min): o
(1R,2R,4R)- Y‘?I-jl%) %?y% -phenyl-bicyclo[2.2.2]oct-5-en-2-y1)-acetic acid th{I%ZGnyeé’gf’gF:
10Enantiomer A: tR = 6.70 min. (1S,23,4S)-(2-HydrdXy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1)-acetic
acid tert.- butyl ester: Enantlomer B tR 7. 93 m|n BB. 3 4,7- Dlmethoxy 1 H-benzoimi
dazo|_2_y1) aVdala A LRArR d Rz a Ll '

153,6-Dime JOX -ben ene eS| g 6.0 g of 1,4-dimethoxy-
2,3-dinitro- bﬁgnz nga(ré (%C’ZCE Z\ﬁfé}%ﬂ%ﬁ%@%ﬁ? OH, evacuating 3 times with N2
and adding 5%59%;,1&\4“%;.%@@ reactlon was stirred under a H2 atmosphere (balloon).
Another 300 mg of 10wt% Pd/C were added after 2 days and the mlxture was stirred for another 24 h.
Filtration ovEeagpadmielitrcs aghirg i ) JeLY; {

4.3 g of 3,6-dimethoxy- benzene 1,2- dlamlne as black SO|Id LC-MS: tR = 0.48 min; %1 +H]t: 169.09. BB
2 f3-(2SAmikBYAte R bhaRd KA oA RRN 3T ctioHT S Bt e i RRlbn 2 A BSEsH25To a
solution of 3§ pidériceiveylersycbidior ksreethiylcaeninbydentyre ragid @0 aik RSN Wereslatided 6.5

mL of D'F’Eéor{lfr&d%ﬁﬁ% %6 9.0f FPLrdRd. 154, Mok P MABHHERE AlHRG {10 mengp%ulpg of
3,6- dlmetho>%/ benzene-1,2-diamine, dissolved |nt2 mL DtCM e;@ ere added and Zt&eg i? was
stirred at rt 5vBrmgHe PHEGRA RS ﬁé&‘%éﬁ%%ﬂ SRS gy 3%?3 'Hiaish S&parated
and the org&m&@mdmmgh@dwmh%ﬁmnmmwtwerfM@S@dlm%mm@@m)vamo to
3{5'?4“;9D<3ﬂ+ﬂt§h SIS 8aMmPRkRY Pa%&l?a?%%hd—éé%éﬂaﬁ%ed%%m%ﬂfEﬂlJégﬂ%Qﬁet?ﬁéKm in

imetho oimidazo m carbamic aci er
2010/04688HO M Ao RSP 55 PR BAA AT B e PTEGETBr 21 1 TR MSSowave.
Sat. ag. Nale®8 was added and the phases were separated. The organic phase was washed with
brine, dried gver Mg504, concentrated in vacuo, filtered over a sho%i ad_of SI|I§? %el with EtOAc and
concentrateﬁ%alnrﬁsdnfzcgtﬁ)#gy)wxﬂ??ﬁéAmﬁ%Yd@ﬂ*ézo% {) braheHibRset. acd

5benzoimidéedl-2uip)eptepyll-methyl-carbamic acid benzyl ester as brown resin. LC-MS: tR = 0.85

min; [|\/|I HI: 384.62. BB.4 1-3-(4,7-Dimethoxy-1H-benzaimidazol-2-y1)-prooyl1-methyl-amine
K1A.1 (Procedure A1.1) rac-{1R".4R*)-Bicvcio[2.2.2loctane-2,5-dione

25 ml. of 2-(trimethylsilyloxy)-1,3-cyclchexadiene and 13 mlL of a-acetoxyacrylonitrile were
mixed and heated at 150°C in a clogsed vessel for 22 h. The obtained dark orange visccus oil
was dissolved in 200 mL of MeQH. After dropwise addifion of a solution of 2.2 g of sodium
methoxide in 150 mL of MeOH the reaction mixiure was stirred for 3 h at i, poured inio
20 icefwater and exiracted with DCM. The organic phases were concentrated in vacuo and the
crude residue was purified by CC with EtOAc-Hept (1:2) fo vieid 7.9 g of rac-(1R",4R")-
bicyclol2.2.2]octane-2,5-dione.
LC-MS: tr = 0.44 min.

K1A.Z (Procedure A1.2): rac-{1R* 4R*}-Spirolbicyciof2.2 Zloctane-2 2'-[1.31dioxolan]-5-one

25 To 4.0 g of rac-{1R” 4R*)-bicyclo[2.2.2]octane-2.5-dione (infermediate K1A.1), dissolved in
120 mL of toluene, 1.7 miL of ethyiene glycol and G.27 g of TsOH were added and the
solution was heated under vigorous stirring to reflux for 3.5 h. The reaction mixiure was
cooled to rt, quenched with saturated ag. NaMCO,;, extracted with B0, and the organic
phase was evaporated. The crude product was purified by CC with Hex-EtOAc (7:3) 1o vield

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



A solution of 2.6 g of 3-(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyll-methyl-carbamic acid benzyl
ester in 60 mL EtOH was evacuated 3 times with N2 before 260 mg of 10 wt% Pd/C 10were added.
‘The reaction mlxture > was then stirred under a H2 atmosphere (balloon) fo&Sj}g 2atefgoqlfi‘lgt3r7at|on over a
pad of celite VAR |r:1’g with EtOH yielded after concentration-in vacuo'T. :/r ot

3-(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyll-niéthyl-amine as brown foam LC-MS: tR = 0.57 min;
[M+Hr: 250.13. Preparation of COMPOUND 15Reference Example 1A: rac-Isobutyric acid

(1Rt2R* 4RMM\M}HW€ of rac-(7R*.8R*.10R*} and rac-{/R*.85* 10K")-7.10-(1.2-
benzoimidaZutZew i E-prenyllivetiokb amimE] sdeyingpienyl-bicyclo[2.2.2]oct-5-en-2-y1 ester 1.1
(Procedure P1.1): rac-(1R*,2R*,4R")-(2-Hydroxy-5-phenyl-bicyclo12.2.21oct-5-en-2-y1)- acetic acid
20To a solutiBrofaubag of r%éj(ﬂ?ﬁfZRﬁfﬁﬁiﬂ@JrﬁFH%Wl@lﬁﬁe?@ osieyeid2-P SlbexaReho2)e)- acetic
acid tert.-bugyestedime2 K ml2 Ei0ldomare Epltle d42s 1ng. afHaObhidg0e Sumlbrb2tlcen goRRisn L Me@H. The
reaction.mi e S rtiti etween
water arﬁd é%g?o Y)??é? aggﬁrgﬁé\év&égésg\ﬁ%@gﬂn\ &J? gg%?ﬂ%qvﬁﬁ? l]1FIEI%IV—IEC%: érﬂ(i%tm int {eﬁgfﬂr%e{?ﬁon of a
white solid. FRIGBHEPWRS flPRRRGAFASHEL With Senit Bl 225HE e eifsd And %‘%’*ﬂé%t&(ﬁf@.z g of
rac-(1R",2R8egHR)€2- thxgaﬁ;qalneasé— bicyelejb221behb-the- 2ryds-aceticaeit gs:vkitesolid.

LC-MS:1R 3 9 86% M?HJZOZ‘H% 24’3‘ zﬁv& Zd'ﬁﬁocsd“&? 7,10-(1,2-ethylen)-8-phenyl-1,4-dioxa-
P1.2):rac-(1R",2R N-13 I yl

4,7-Dimet 1H-benzoimidazol-2-y1)-
propy11-2- (E%%‘rél&f’%a%ﬁe?ﬁﬁsb‘f(?{%lﬁ?ﬁ %"2%%%?53%?{‘? A H‘?ﬁ@(@ﬁ?&%@’nﬁ&e’%éﬁ‘& &ditition of
280 mgof raag TRt iRty {@<hydroxy-5-phenyl-bicyclo[2.2.21oct-5-en-2- yl)-acetic acid in 7 mL THF
were added;a3gm; OhHRIPEA. (B, B9-gf. HB{and 250 mg of EDC at rt. After stirring for 10 min. 270
mg of 3-(4,7- dlmethoxy 1H- ben20|m|dazol 2-y1)- propyll-methyl-amine were added and the reaction
mixture wasksticre (Patatdwve rivight.radret RVAR 2058146 B AR O 2 1330FRLSA607 23 reaction mixture
was quenched with sat. aq. NaHCO3, the phases were separated and the organic %%se Was washed

with water ah®l Bint'éiRsd 6ef I@Fggl)@faﬂd CorlcehtrAtenFrRERUG ! Purifitamaiob
EtOAc-MeOHi(erintaiidtd igldeth £06nmgaoétone was added 200 mg of TsOH and then the mixture

rac(1Ry2R" &Ne@fé“i{}démﬂ‘f‘ XYehbl &eﬂ S%%n é%ﬁ(éﬂeﬂr\ﬁszét Ze LM R R -

5bicyclo[2.2. 2 oct-5-en-2 N-met -acetam ea oam
with EtOAC and the orgamc phase was evaporated. The crude product was purified by CC

with Hept-EtOAC (7:3) to give 0.34 g of rac-(1R* 4R™)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-one
as colorless oil.
LC-MS: tg = 0.93 min; [M+H+CHZCN]"™: 240.11.

20 K1A.5 (Frocedure A1.8); rac-(1R*.2R* 4R*)-(Z-Hydroxy-5-phenyi-bicyclof2.2.2]oct-5-en-2-yi)-
acetic acid tert.-butyl ester and rac-(1R",28* 4R*\-(Z2-hydroxy-b-phenyl-bicycio[2.2 2loct-5-en-
Z2-yh-acetic acid tert.-butvl ester

To a solution of 0.51 mL of DIPA in 0.5 mL THF 2.2 mL of n-butykithium (1.6M in Hex) were
added dropwise af -20°C. After 10 min, 0.5 mL of tolugne were added and the soiution was
25  stirred for 30 min. The mixture was cooled fo -50°C, 0.73 mlL of fert.-bulyl acetate were
added and stirring was continued for 1 h at -50°C. Then 0.32 g of rac-(1R",4R")-5-phenyi-
bicyclo[2.2.2Joct-b-en-2-one (intermediate K1A.4) dissoived 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/aqg. HCI, the organic phase was separated, washed and evaporated. The crude reaction
30  product was purified by CC with Hept-EtOAc (9:1) 1o yield 0.30 g of the major racemate, rac-
(1R*,2R* 4R™*)-2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y{}-acetic acid tert.-butyl ester, as
white solid and 0.07 g of the minor racemate, rac-{1R"28%4R*}-Z-hydroxy-5-phenyl-
bicyclo[2.2.2]oct-5-en-2-yi}-acedtic acid tert.-butyl ester, as colorless oil.
LC-MS (major racemate): tg = 1.06 min; [M-{CHa)s-HO+H]": 241.11.
35  LC-MS (minor racemate): tg = 1.05 min; [M+H]": 315.18.



LC-MS: tR = 0.91 min; [M+H]: 490.06. 1.3 (Procedure P1.3):
rac-(1R*,2R",4R")-2-(2-113-(4,7-Dimethoxy-1H-benzoimidazol-2- vnpropvll methvl-amino}-ethyl)-5-ph
enyl-bicyclo[2.2.2-loct-5-en-2-0l To a solution of 310 mg of rac-(1
R* 2R* 4R")- [%50 4?6d|methoxy 1H-benzoimidazol-2-y1)- 10
propyl]-2-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-e#t2-y1)-N-methyl-acetamide in 8 mL toluene were
added dropW|se 0. 77 mL of a Red AI solutlon (65% in toluene) at OC After stlrrlng for 10 min at 0C,
the cooling Bath3a S H ! ; YFE 2 =
carefully poeses enﬂo Filn 093] 8 A0St - o snfmemsbem{racted
with toluene, the combined organlc phases were 15 Washed with brine, dried over MgS0O4 and
concentrate‘d"TrTvacuo Purification by CC using EtOAc-MeOH (2:1) yielded 230 mg of

rac-(1R", 2Ria4R1P22(2;423- (4. Aydimetbonediibenpzoimidazol-2-+i pyrppyiiimethytiaminalvatityl)-5-phe
nyl-bicyglo[2, e?%&%ts% a?egli,% WQ'F&%%Z A e M%mtggs th ipﬁl—?b&e’lﬁzm nﬁ’%&?c]?%neln )Daloei

201.4:rac-Isobutyric ac *4R" 413-(4,7-dime

propyll-mety %’l‘iﬁﬁﬁ% yﬁo\‘?)zéﬂé‘?fvl Blk&%ltﬂﬁz/ %?@%ﬁ%\?ﬁ 88T a solution of 199 mg of
rac-(1R*,2REHR! ri2a(Rid[BHUCT (Duhvet v Plak Dm0 iftedaz01+2m, 5 um; Hex/ EtOH 95:5, fiow 0.8
y1)-propyll-mefhylsaminol-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-ol in 4 mL DCM were added 0.2 mL
of NEt3 and 0.1 mL of isobutyrylchloride at OC. The reaction mixture was 25 stirred overnight allowing
the temperat R B YR A SIBMRY 7 Prray it avad ttidnehea rfals:. AGINABESEY IhéPRases
were sHpardieshaordeh: wat€r ffhage was re-extracted with DCM. The combined organic phases were
washed with {gyi | t i r e is din3
mL EtOAc, gl%&?@ glgg%d %5)%% eOH?v!\:grcga aB dgdﬁﬁfeﬂgﬁﬁ?ﬁgsﬁﬁéﬁ%ﬁﬁslﬁor@7 d. The
mixture WasEﬂ?g %@%&ﬁ&urgﬁéﬁw%ashed with EtOAc-MeOH (2:1) and evaporated. Purification by CC
using Et0ACHMEOH(5:1 183 1t Q LY HNERILHiR IR LBO I lyinsaismguOimacid (LR* 2R 4R*)-2-
(2-1[3-(4,7-dimethoxy-1H-benzoim
idazol-2-y1)gBapylensthyirarbehathyl)-B-gibeimdbicyclo[2.2.2]oct-5-en-2-y1 ester as beige foam.
LC-MS: tR = 0.90 min; [M+H]: 546.23. WO 2010/046857PCT/1B2009/054637 24 Reference Example
2A: IsoButyricbdeigiethoxy-benzene-1,2-diamine was synthesized by dissolving 6.0 g of 1,4-dimethoxy-
(1S,25,4S)-2;; :m{{adﬁwng&mmwmgwmdmﬁ%ww pRyibmetEybamingluatiyl s Srakenyl-bicy

clof22 2100 RE0:5.0 51 2 (1S ¢RA5) GO SBEDIBEVIRIAZ A e g - et
acid 5Prepared according to procedure P11 in Reference xam 6 1A USing enaftiomer B of rac-
(1R",2R* 4@%%2%}&6@9’ @r@@n’?@b‘?&y@%ﬁ"’f ﬁ@cﬂ%@ﬁ@?‘iﬁﬁ@éﬁc%ﬂ @éﬁ IpRPdLtRY(8Re
K1A.6). LC-MSetRor n8hening [M-FHR2e oot laIhd of celite and washing with EtOH and EtOAc

2.2:(18,8S. @&&%ﬁéﬁ%@%&{m&sﬁ% ;&ﬂ,&waw%%%@vﬁow%@éﬂgw AMiNAas black

10ethyl)-5-phenyl-bicyclo[2.2.210ct-5-en-2-0l

‘PCT/EB2009/054637

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

BB.2  [3-{2-Amino-3,6-dimethoxy-phenvlcarbamovh-propyvii-methvil-carbamic _acid  benzvi

ester

25 To a solution of 3.1 g of 4-(benzyloxycarbonyl-methyl-amino}-butyric acid in 80 mL DCM
were added 6.5 mL of DIPEA, 1.8 g of HOBt, 2.6 g of EDC and 154 mg of DMAP. After
stirring for 10 min, 2.1 g of 3,6-dimethoxy-benzene-1,2-diamine, dissolved in 20 mL DCM,
were added and the mixiure was sfirred at rf overnight, The reaction was quenched with sat.
aq. NaHCO,, the phases were separated and the organic phase was washed with bring,

30  dried over Mg3Q, and concentrated in vacuo 1o yield the crude title compound as black oil.
LC-MS: tr = 0.88 min; [M+H]": 402.06.

BB.3 [3-(4,7-Dimethoxy-1H-benzoimidazol-2-v\-propvl]-methvi-carbamic acid benzvl ester

To a mixture of the above crude 3-{2-amino-3,6-dimethoxy-phenylcarbamoyl-propyll-methyl-
carbamic acid benzyl ester in 16 mi toiuene were added 4 mL of DMF and 1.9 g of TsOH



Prepared according to procedures P1.2 to P1.3 in Reference Example 1A using the above
(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid. LC-MS: tR = 0.78 min; [M+HI: 476.09.
2.3: Isobutvrlc acid &18:’28 ,4S)-2-(2413-(47-dimethoxy-1H-benzoimidazol- % 1921')3959Pz\r/(|31'

15methvi- amlnoy} e{ ﬁ 5-nhenvl- -bicyclo{2.2.21oct-5-en-2-v1 ester Prepare accorgi’ng fo procedure
P1.4 in Reference Example 1A using the above 2-(24 3- (4,7-d imethoxy-1H-be
nzoimidazol-2-y1)-propyll-methyl-a m inol-ethyl)-5-ph enylbicyclo[2.2.2]oct-5-en-2-ol. LC-MS: tR = 0.89
min; [M4-HPPB489 Gasbptetée eal eddan ple S & RAYhRdEeipave. Sat. aq. NaHCO, was added

(1R,2R,4AR) &2y 2] Bkt dimethexyrdtdd. The organic phase was washed with brine, dried over

be”ZOimidaK@s%}’Q&N&W Lmetyvaninoheid) wahsnylhicy SIP[&ZS%];%C'%QF%I@ Hligle 1

(1R,2R.4R)-(2-1-lvdroxv-5-phenyl-bic é():lotz 2 2loct-5-en-2-vb-acetic acid ared according to
procedure PETEFHTRERRAHRHE EXIHICT Qkiltdetihtdiis Kgfed 2.7 g of 3- (4. 7-dimethoxy-1H-

rac25(IR*, 2R1ZARM)d 62 hizelripxoyebybieatlybiey olof: 2QJ0strEye neRy Bsdicetio e tert.-butyl ester (see

K1A.6). LC-MSER =05 if; [MeHROskiK 241.16.

3.2:(1R,2R,4R)-2- (2 {[3-(4,7- D|methoxy 1H-benzoimidazol-2-vb-propyll-methyl-amino}-
ethyl)-5-phedilbidgalo2Rtiendd-eH-Beal B0 e pated-accoritingttyiprosedures P1.2 to P1.3 in
Reference Example 1 using the above (2- hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1)-acetic acid.
LC-MS: tR A GAY e R/A-B18747 6 Godine 2y 10ies 88 P PETRE200D #tby-carb@BisiAgHc acid
(AR benzy! ester in 60 mL EtOH was evacuated 3 times with N; before 260 mg of 10 wt% Pd/C

2R AR (23 S‘én%éj'%%t?é’ﬁ%m%%ﬁédﬁéﬂ's%r%@ H@é%'ﬁ‘eéﬁ){la%ﬂg@' Eéhé@nff&bseﬁ% rbicyclo]

2.2.2loct-5-en-2-y1 ester Prepared according to procedure P1.4 in Reference xam 1A using the

above 2-(2- (tBF'{t&a?O&Hi’@{h%?ﬁdlﬁ B‘“éﬁ%‘i‘?ﬁr&’éfiﬂl”@ Yt MW’%&H%@WHW%{WP% IBréRyE:
5bicyclo[2.212]ectiS-¢h72doheti@iSHiiten thB8idamm|- M tobAbridihPatidat rat ditionn &pha D (c = 10

mg/mL EtOh)-521¢5% &b MYIR(MEPDo409:MHz) 57.39-7.37 (m, 2H), 7.30 (t, J = 6.4 Hz, 2H),
7.24-7.20 (m, 1H),

Preparation of COMPOUND

15  Reference Example 1A: rac-Ilscbutyric acid {1R*2R* 4R*)-2-(2-{[3-{4,7-dimethoxy-1H-
benzoimidazol-2-yl)-propyl]-methyi-amino}-ethyl}-5-phenyi-bicyciof2.2.2]oct-5-en-2-yl

ester

1.1 {(Procedure P1.1): rac-(1R*2R* 4R*)-(2-Hvdroxy-5-phenvi-bicvelo[2.2 . 2loct-5-an-2-v()-

acetic acid

20  To a solufion of 4.0 g of rac-(1R",2R* 4R"}-(2-hydroxy-5-phenyi-bicydlo[2.2.2]oct-5-en-2-yl}-
acetic acid tert.-butyl ester in 25 mlL EtOH were added 2.1 g of LIOH.H;0, 8 mL H,O and 22
mL MeOH. The reaction mixture was stirred at r for 3 d and then concentrated. The residue
was partitioned between waier and E,O. The aqg. layer was separaied and acidified with 1N
HCI resulting in the formation of a white solid. The solid was filtrated, washed with 5 mL aq.

25 HC! and dried in vacuo to obtain 3.2 g of rac-(1R",2ZR* 4R")-{2-hydroxy-5-phenyi-
bicyclo[2.2.2]oct-5-en-2-y-acetic acid as white solid.
LC-MS: tr = 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-yl}-
propyll-2-(2-hydroxy-5-phenyi-bicyclol2.2. 2]loci-5-en-2-vi)-N-methvl-acetamide

30 To a solution of 280 mg of rac-{1R*2R* 4R")-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-an-2-
yiyacetic 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-yi)-

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



6.60 (s, 2 H), 6.43 (brd, J = 7.6 Hz, 1H), 3.91 (s, 6H), 3.27-3.23 (m, 1H), 3.18-3.15 (m, 1H), 10 2.,87 (t,
J =7.6 Hz, 2H), 2.54 (sept, J = 7.0 Hz, 1H), 2.47-2.37 (m, 4H), 2.21 (s, 3H), 2.19- 2.12 (m, 1H),
2.01-1.92 (m 5H%11175 -1.65 (m, 2H), 1.48-1.38 (m, 1H), 1.27-1.19 (m, 1H), 1.1 éd J=7.0 Hz, 6H)
Bioloaical tegfg 3 Q/mgsassay L channel 15The L channel antagonistic a&kﬁ@ﬂﬂ' g&v‘g’lﬂes) of -
Reference Examples 1A, 2A, and 3A is determined &8 accordance with the following experimental
method. Human embryonic kidney (HEK293) cells expressing the human Cav1.2 channel in addition to
the auxiliary SRBGRIEELIE WA s esrd Gidmh A% iRt BRIRNIEM IO GRRFMISY 20ddhe
heat-inactivatedrfietahesdf @%Wﬁaéﬁ&ﬁ%tﬁ%dﬁ&ﬂﬂnp&ﬂiﬁﬁllrdinéﬂ(bw/ iy sUepiamysite R EA0ptg/ml
S8, 40ptgdzen }rﬁ@a%nl%%qg baaremEiiloChe fele ALesReqRthal 2%% faelp/yl into

384-well black cle ottom steril tes p sme co n'Dickinson e seeded plates
are mcubatéi‘i%\%?n tAE7E: Tnce@@f@eév-‘r %epeaﬁﬂ?@h%gvmaava@é% B IA-StBRR¥blution in
assay tﬁjffeb(waﬁisxammﬁmgﬂﬂwBz&%;y?—@mmm{é%E&hme&a&@ll NaHCO3, adjusted to pH 7.4
with NaOH)Lng§et|rLt5e,@§§,e 1al@ Ozc%concentratlon of 20 mM. Antagonists are prepared as 10
mM stock solutions in DMSO, then dllluted in 384w plates first in DMSO, then in assay buffer to obtain
3x stocks. onaheod@gmfrmepasmwa?@(mmetmnmmmfer(@mﬁapmwmmgg@m%ﬂﬁ% 0.375¢g/1
- iuo-4 AM (1 mM stock solution in DMSO,

containing 1 - The 384-well cell-plates 30 are
incubated for@ sun@n3g G0 B GQ2ctolRmeERt, hyewas[ﬂrw Wﬂimét%o&QR%eﬁweﬂsmpgz%ﬁﬁay buffer
leaving 50 R f t t ratur in), Withi the

950 Riyell of ih Hﬁ?% d% %&Eﬁp%% 235 S@Jg RS a% ik s

Fluorescent Imaglng P te Rea o1ec evic antagonists are added o the plate ina

volume of 28R IVSHCaRSREFTEP 8iSRiIA-And inglis %Wh%?%%@llﬁftu%@%aba forAd&lular
depolarizatistxrirfyresrtenceatisMeaswedifgrragchvavaab 2dMa %ﬂﬂr@f@%&%ﬁéﬂ%?@@%ﬁ%%?
26 second 'weme'ﬁa.s%&rmczfeﬁ%mm&eo&r&euvgb%%F §%&me§&@%¥wm %ﬁ[&%%ﬂﬁ%mg

compared to the area of the fluorescence pea Induce e In place o

antagonist. FOr' 8@ ahtigthishase ‘T@%GV@B@%W&%M&%HW‘? &%ﬁpﬁlﬁa%@%@ed to
inhibit 5% eftteK@kindineedrfitbrescenreresponsaerirtoetiOnMasudetarmivztidn FOITviadines of
reference e@@‘@éﬁ\ﬁéﬁﬂpoﬁnﬂs %déé\ a5g %gharwe heen greasufrd, %?IQC%E? WW&H&@ qiL56 to

439 nM. In vitro assay T.channéel: The T channel antaa/onlstlc act|V|t 0 values of Reference
Examples 12\9?,&‘”3%29,3?%%)6@%%}4 S -aRdaakeE SRR iKSlR ﬁgQ@J&fér?n%' 4 methd8 and
data are shovbrieifiod®. Table 1. Human embryonic kidney (HEK293) cells expressing the human

Cav3.1 Cavd2gs Gavdy IShannel-rgspestively, are grown in culture medium (DMEM containing 10%
heat-inactivated fetal calf serum (FCS), 100 U/ml penicillin, 100 tig/m1 streptomycin and 1 mg/ml
G418)2The tdlls awm @t 2@i600 a&tt HRN1E-3B4-we@ll7blacktictearibbtemdstedide plates (poly-L-
15 lysine- co@(%g,; ) ded plates,are ncubated gvernight at 37C in 5% 002.
The Ca211 solution'is prepare as mM stock solution in mM tetraethylammoniumchloride
(TEA-chloride),&580mfibHEPES, 2cban Mo aRi 275 ARN-KC {3 i -Myethdxpdjusted-torddzb2with
TEA-hydrox{de, a6 3edR e ssauah Adinal cenespicelion LAY Apoanisis aseprapgied as 10

mM stock solutions in DMSO, then 20 diluted in ates first in DMSO, then in 100 m
TEA-chloridB9%s i MEPEYES gnin t§e|éﬂ‘SSHHW&‘“*frrﬁwvadiz%f‘dﬁ%fé@ffdpﬁwezwﬁﬁh

TEA-h¥@roxsdiestbcbtaighOalistdcksh Or tiredayoidheaas sayyl2 5 jllhefrstatiungvbsitfee (EHBS Sittontaining
20 mM HEPE®, éb%%ald:b'afd%%e%@ %5@%&5@%&'%@%9&%@1%Haéén%a@efmcéeéw mM

stock solutlolgn in DMSO, containing 10% pluronic) is added to each well of the seededglate The

384-well 258l: pIeﬁ%sCSPg)lﬁ%ﬁb B0 foPeBSHin S8 MBS ASS A D I it S )V RaMHiRG with%2 x 50p1
per well usirgdB88tedmaining. 0T heorBSAc20an MAHESES, i0.378Y/ENE4CDBa gaving 3ERiwell of

tF?is guffe; [clmggfl-\l/il kiw@tisiwaa@ mhf@m&ﬁf@twgs@&r@@dtzg%ﬁﬁm tht@ Hh@ﬁﬁﬁ%@t@a@g@s%%ate”
eade olecular ewce o the el ume o p we
mcuba:%g(d fogfgun? i and f ?1 5?5 ﬁﬁﬁg W”t%? % |3Ha|§05%%§ (? ﬁd%?egéeﬁ e\ rP’ﬁeasured
for each Welﬁﬁ%é‘é@@fﬁdfvnté@\iélb*f@r BhiFitede'dad ’tﬁé el (rtdiepihityduanll of BaER THRRTescence
peak is compaged 4 a0l Misefﬂa@@ﬁamac@ﬂﬁgl@mqﬁeﬂ}%%Mr@@%pw&hwehicle in place

of antagonlsg ?Igﬁr[%azc% tg\ 0 f etaQFe 103519e\s/a| gﬂhe concentration (in nM) of compound needed.to

inhibit 50 % 0 uéed ofescence rgesponse) up to 10uM is determined.
LC-MS: tg = 0.90 min; [M+H] : 548.23.




WO 2010/046857PCT/1132009/054637 27 Table 1: Compound of reference example IC50 Compound
of reference example IC50 24 778 3A 793 Effect on Isolated Hearts according to the Langendorff
method (Lgdvaf T(f}]l% /Iéiefggence Examples 1A, 2A, and 3A were tested for theiéé)%tgnt_ial to reduce blood
5 pressure an eI &sfatt on the contractility of the heart muscle. EC 50Nal (1886 8t ed mouse
hearts were determined according to Literature (Dor2dg HJ., The isolated perfused heart according to

Langendorff technique--function--application, Physiol. Bohemoslov. 1990, 39&3, 481-504; Kligfield P,
Homer H, BREIRIERFRI., BATRRIEI o &ad'é&‘?é‘é)ﬁ'é?niéﬁ%é@?ﬁé@b%ﬂré@d rAEpthaxwdBt. Physiol.
1976 Jun, 4B dlfidas)i-2qT-pespgipaing afvikicyemcd \exampigl bichas l2ekp) taedsenedyusing the
procedure dgggribed above for the Langendorff experiment with an EC 50 of 5 nM. 15 Il.Preparation of
salt forms of COMPOUND Il,a) General procedure for salt formation with COMPOUND: 1 eq. of
COMPOUNR weassdisstivest Hy S6AAENdy-bhesapiionosas droughbtetbcid? Equivalents of acid
dissolved in SOLVENT2 was added. The mixture was stirred at 50C for 5 min and the heating source
was turfed BEPERAAIRIENE Esraflertteett bdd iberwthinExaotp if kg ruEpiemewhs’observed the
mixture was(fiterstt ard e solisuasHsalaiady deasedbes-aa-soliflwas obtanesthe fixte-was
evaporated ég gr %% and 6 volumes of heptane were added. The mixture was heated to reflux, 3
volumes of ETOAC weré added until all dissolved. In case that dissolution was not complete further 3
volumes EtdAc\irie SddamirdMddinsh wids 81 not complete, as less as possible MeOH was added

until complete;25 cissolutian, The mixtyre was alowed g o gl A1 fheyessel e

scratched
evapor&ted e ubyres

solid mater@fepared according to procedures P1.2 to P1.3 in Reference Exampie 1A using the above
(2-hydroxy-5-phenyl-bicyclof2.2. 2]oct-5-en-2-yl}-acetic acid.
LC-MS: tz = 0.78 min; [M+H]": 478.09.
2.3: _Isobulyric acid (15.28,43}-2-{2-{[3-(4,7-dimsthoxy-1H-benzoimidazol-2-vl -propyii-
15 methyl-amino}-ethy{):-5-phenvi-bicvcio[2.2.2Joct-5-en-2-y| ester

Prepared according to procedure P1.4 in Reference Example 1A using the above 2-(2-{[3-
(4,7-dimethoxy-1H-benzoimidazol-2-yh-propyl]-methyl-amino}-ethyl)-5-phenyl- |
bicyclo[2.2.2]oct-5-en-2-0l.

LC-MS: tg = (.89 min; [M+H]": 546.19.

20  Reference Example 3A: Isobutyric acid (1R,2R4R})-2-(2-{[3-(4,7-dimethoxy-1H-
benzoimidazol-2-y}-propyil-methyl-amino}-ethyl)-5-phenyl-bicyclo]2.2.2]oct-5-en-2-yl
ester

3.1 (1R 2R AR)-(2-Hydroxy-5-phenvi-bicycio[2.2.2]oct-5-en-2-yi-acetic acid

Frepared according to procedure P1.1 in Reference Exampie 1 using enantiomer A of rac-
25  (1R*,2R* 4R")-{2-hydroxy-B-phenyl-bicycic[2.2 .2]oct-5-en-2-yi}-acetic acid tert.-butyl ester

(see K1A.6).

LC-MS: tr = 0.91 min; [M-H,0+H]": 241.18.

3.2 {(1R.2R.4R)-2-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-y-propvil-methvi-aminal-
ethyD-5-phenvl-bicycio[2.2.2loct-5-en-2-0}

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



WO 2010/046857PCT/1B2009/054637 28 SOLVENT1 = 8 volumes EtOAc for: benzensulfonic acid,
benzoic acid; salicylic acid, saccharin, para-toluenesulfonic acid, malonic acid, methanesulfonic acid,
naphthalene-2- sulfonic acid, naphthalene-1,5-disulfonic acid, ethanesulfonic aC|d malic acid, glycolic
acid, ketoglu?a(?lg é%fl(f d fumaric acid; 5SOLVENT1 = 1.8 volumes EtORc f{ﬁz%@réﬁ%mlc acid, and
hydrochloric acid; SOLVENT1 = 8 volumes acetoneZ®r: sulfuric acid, and phosphoric acid; SOLVENT1
= 7 volumes acetone for CItI’IC acid, succmlc aC|d and tartaric acid. SOLVENTZ 7 volumes EtOAC
for: citric aciedi—lEBuiy 2 2 - ~ =1
methanesuIﬁ@Bim]l:@amd}—samybcba@u‘dﬁ&B@b&@@@l’lﬁﬁﬂ—@@rﬂ@ﬂ%&tﬁuble) SOLVENTZ 3 volumes
MeOH for: para-toluenesulfonic acid, malonic acid, naphthalene-2- sulfonic acid,

naphthalene-1eBaaa L ARSNE 86iEP ﬁiﬁ‘l@ﬁfﬁd?bﬁ/@blﬁe&fﬁﬂ‘,cﬁeﬁégmmié%@@D@lrﬁ'ﬁief@hmﬁc%(é’nﬂ@"
SOLVENT2, 1@5&@%@51%6&@5@&%3&!@%}@%ﬂ}-&%&@@ﬁ&%ﬁ@ﬁy%%@@ﬁs EtOH for: tartaric
acid, S%LV%Hgﬁo tfgrerp_)éd(gi)bromic acid, hydrochloric acid, sulfuric acid, and phosphoric acid.
Results obtain sing 't e general procedure described above are summarized in Tables 1 and 2. In
case particutsrYoded €8 Ruridhedn 848d to prepare crystalline salt forms of 20COMPOUND, such
procedures axgticescritiett ipRe R ercex@mpEISHpadthe°Examples S2 to S7 below. WO
2010104685 1B L/IBRAOSHIAG3].9F Ale s £laraierigy mda;%fwga@a#n&s 53l forms, of

COMPOUND%qgameA%Qccordlng to the enera medure Sa ‘Melting point/ 1TH-NNIR RPD
di-hydrobrofil 48t dalt Rl tRg D diftat 8ol 33(191 8, BH), 32732 ), 3.18-3.15 (m, 1H),

10 2.87 (t, J = 7.6 Hz, 2H), 2.54 (sept, J = 7.0 Hz, 1H), 2.47-2.37 (m 4H) 2.21 (s, 3H), 2.19-
2.12 (m, 1H), 2.01-1.92 {m, 5H), 1.75-1.65 (m, 2H), 1.48-1.38 (m, 1H), 1.27-1.19 (m, 1H),
1.16 (d, J = 7.0 Hz, 6H).

Biological tests

In vitro assay L channel

15 The L channel antagonistic activity (ICsy values) of Reference Exampies 1A, 2A, and 3A is

determined in accordance with the following experimental method.

Human embryonic kidney {HEK283) cells expressing the human Ca,1.2 channsl in addition
to the auxiliary subunits f-2a and 0281, are grown in culture medium (DMEM containing
10% heat-inactivated fetal calf serum (FCS), 100 Uiml penicillin, 100 ug/ml streptomycin,
20 100ug/ml G418, 40ug/ml zeocin and 100ug/ml hygromycin). The cells are seeded at 20.000
celisiwell into 384-well black clear botiom sferile 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 NaHCO;, adjusted to pH 7.4 with NaOH) for use in the assay at a final
25  concentration of 20 mM. Aniagonists 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, 0.375¢/t NaHCO;, and
3 pM of the fluorescent calcium indicator fluc-4 AM (1 mM stock solution in DMSQO,
containing 10% pluronic) is added to each well of the seeded plate. The 384-well cell-plates
30 are incubated for 60 min at 37° C in 5% CO, followed by washing with 2 x 50wl per well using
assay buffer leaving 50 uliwell 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 pliwell of

KC! solution is added for celluiar depolarization. Fluorescence is measured for each weli at 2



Crystalline, crystalline 1H-NMR consistent with structure. form identical The X-ray diffraction diagram
measured with method toExample 2showspeakshavingarelativeintensity,as compared to the most
intense peak in the diagram, ofthefollowingpercentages(relativepeak intensititesgi venlnparenthe5|s)at
theindicated AAFEY’ 9) Sfraction 2theta (selected peaks from the range8-BEBBHHREA54637
withrelativeintensity larger then10% arereported):9.2622%),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 S7 below

(100%),19. 138994, T4:6(B7 96}, BOTITBES X0 tBe( 4185 \UriEr H{B404)ve 2 B:¢8B Sh) 0 B8 BEB Wi, 5 (48%),
25.0 (42%), e 428%) tienare$ & g BYoredden @beye Reaks o esnandke FaH:Ricle in place

of antagonist. For each antagonist, the 1Cs value (the concentration {in nM} of compound

needed {o inhibit 50 % of the KCl-induced fluorescence response) up to 10uM is determined.

5  ICs values of reference example compounds 1A, 2A, and 3A have been measured and are
in the range of 156 to 435 ni.

In vitro assay T channel:

The T channel antagonistic activity (1Cs 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 (HEK283) cells expressing the human Ca,3.1 Ca,3.2 or Ca,3.3
channel, respectively, are grown in culture medium (DMEM containing 10% heat-inactivated
fetal calf serum (FCS), 100 Uim! penicillin, 100 ug/m! streptomycin and 1 mg/mi G418). The
cells are seeded at 20.000 cefis/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 KCl, 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 mi TEA-chloride, 50 mM HEPES, 2.5 mM
CaClz, 3 mM KCI, 1 mM MgCl,, adjusted to pH 7.2 with TEA-hydroxide, to obtain 9x siocks.
On the day of the assay, 25 pl of staining buffer (HBSS containing 20 mM HEPES, 0.375¢/i
NaHCO; and 3 pM of the fluorescent calcium indicator fluo-4 AM (1 mM stock soiution in
DMSO, containing 10% pluronic) is added to each well of the seeded plate. The 384-well
25  cell-piates are incubated for 60 min at 37° C in 5% CO, foliowed by washing with 2 x 80ul per
well using HBSS containing 0.1% BSA, 20 mM HEPES, 0.375g/l NaHCO3, leaving 50 wliwell
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 piate in a
volume of 8.25 uliwell, incubated for 3 min, and finally 6.25 uliwell of Ca*" solution is added.
30  Fluorescence is measured for each well at 2 second infervals 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 antagoenist. For each antagonist, the 1Csq
value (the concentration (in nM) of compo.und needed to inhibit 50 % of the Ca*™-induced

fluorescence response)} up tc 10uM is delermined.



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 87. sesqui- 1H-NMR (D6-DMSO,
- 400 MHz, only main peaks Crystalline, naphthalene-1,5- described) 58.88 (d, J = 9.2 Hz, 2.7 H, 1.5
see Fig. 8 di¥OBH A salt molecules of naphthalene-1,5-disulfonic acB§FABRO@P4GL 7.0 Hz, 2.7
H, 1.5 molecules of naphthalene- 1,5-disulfonic acigh), 7.47-7.25 (m, 8.6 H, 1.5 molecules of
naphthalene-1,5-disutionic acid + 5H), 6.99 (s, 2H), 6.54 (dd, J = 8.0 Hz, 1H), 3.94 (s. 6H), 3.24-3.03
(m, 8H), 2.7938e3H), 2.56 (sept, J = 7.0 Hz, 1H), 1.14-1.06(m, 6H). WO
2010/046857RCT1B2009/054637

Compound of Compound of
|C5e IC50
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 o reduce blood

5 pressure and their effect on the contractility of the heart muscle. ECs, 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, Horner H, Brachfeld N., A model of graded ischemia in the
isolated perfused rat heart, J. Appl. Physiol. 1876 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 L Preparation of salt forms of COMPOUND

ILa) General procedure for sait formation with COMPOUND:

1 eq. of COMPOUND was dissolved in SOLVENT1. The solution was brought to 50°C. 2
Equivalents of acid dissolved in SOLVENTZ 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 obiained the_mix‘ture was evaporated to dryness and 6 volumes of
heptane were added. The mixture was heated to reflux, 3 volumes of EfQAc were added unti
all dissolved. in case that dissolution was not complete further 3 volumes EtOAc were added.
If dissolution was siill not complete, as less as poséibte MeOH was added until compiate '
25  dissolution. The mixture was allowed to cool slowly to rt. At rt the vessel was scratched with
a spafula 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.



30 di-benzensulfonic acid salt 1H-NMR (MeOD, 400 MHz) 6 7.84-7.80 (m, 4H, 2 molecules of
benzensulfonic acid), 7.45-7.38 (m, 8H, 2 molecules of benzensulfonic acid + 2H), 7.34-7.29
Crystalline, see Fil%éq% 5%1 2H), 7.26-7.22(m, 1H), 6.99(s, 2H), 6.51 (brd, J =6.4 Hz, 1H), 4.00 (s,
6H), 3.32-3. 2P 87 (s, 3H), 2.60 (sept, J = 7.0 Hz, 1H), 2.46-2 37 (2 URI5%H6-1.97 (m,
1H), 1.95-1.91 (m, 1H), 1.76-1.69 (m, 2H), 1.49-1A18(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 (MeOD, 400 MHz) 67.48-7.46 (m, 2H),
Crystalline, 8OHGNT. 35 olumes HitQAz7 Ioro beprensyjfoniooa@d 2PRnaRissaeit, JHaYIE, 2HZ, 1H),
4.01 (s, 6H)sa@:22rd 1 psaadhigndfiifonic acid, malonic acid, methanesulfonic acid, naphthalene-2-

sulfonic acid, naphthaiene-1,5-disulfonic acid, ethanesulfonic acid, malic acid, giycolic acid,

ketoglutaric acid, and fumaric acid;

5 SOLVENT1 = 1.8 volumies 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 EfOAc for: citric acid;
SOLVENTZ2 = 3 volumes EtOAc for: benzensulfonic acid, benzoic acid, methanesulfonic
10  acid, salicylic acid, and saccharin (partially soluble);
SOLVENT2 = 3 volumes MeOHM 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  SOLVENTZ = 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 crystailine salt forms of

20  COMPOUND, such procedures are described in Reference Example $1 and the Examples
S2 to S7 below.



(m, 8H), 2.87 (s, 3H), 2.79 (g, 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), 1.22T}Fd, J=1.9 Hz, 3H), 1.19
d,J= 2.4 B2 B8 aphthalene-2- 1H-NMR (Me0D, 400 MHz) 6 8.34(BIE 4355 ystalline,
sulfonic acid salt molecules of naphthalene-2-sulfoni$ 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

Table 1: Characierisation data for crystalline salt forms of COMPOUND gained

according to the general procadure

Salt Melting point/ 1H-NMR XRPD

di-hydrobromic Meliing point at about 83°C. Crystalling,
acid salt . crystatline

1H-NMR consisient with structure. . )
form identical

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

compared to the most intense peak in the diagram,
of the following percentages ({relative peak
intensitites giver in parenthesis) at the indicated
angles of refraction 2theta (selected peaks from the
range 8-26.5° Ztheta with relative intensity larger
then 10% are reported): 9.1° (22%), 9.5° {62%),
12.3° (23%), 12.86° (27%), 14.1° (36%), 14.6° {18%),
15.3° (86%), 15.8° {49%), 17.0° (71%), 17.¢°
(100%), 12.1° (81%), 19.6° (67%), 20.2° {52%),
20.6° (44%), 21.1° (64%}, 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 $7.
sesqui- 1H-NMR {D8-DMSC, 400 MHz, only main peaks Crystalline,
naphthaiene-1.5- described) 5888 (d, J=9.2Hz, 27H,15 see fig. 8

disulfonic acid salt | molecules of naphthalene-1,5-disulfonic acid), 7.94
(d, J= 7.0 Hz, 2.7 M, 1.5 molecules of naphthalene-
t1,5-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, BH).




(m, 2H), 7.39-7.19 (m, 3H), 6.88 (s, 2H), 6.44 (brd, 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 v\% 2H%1.4~6-1.36 (m, 1H), 1.27-1.19 (m, 1H). 1.18 (d,J=1.6 Hz 3H3 1.16(d,J=24
“Hz, 3H). W85 7P CT/182000/054637 31 Table 2: CharacteridSS AL & further salt
forms of COMPOUND gained according to general tocedure Salt Technique di-benzoic acid salt

1H-NMR: Cansistent with structure. di-salicylic acid salt 1H-NMR: Consistent with structure
di-saccharin@eenzensulfonic | 1H-NMR (MeOD, 400 MHz) & 7.84-7.80 (m, 4H, 2 Crystalline,

acid salt molecuies of benzensulfonic acid), 7.45-7.38 (m, 8H, | see Fig. 8

2 molecules of benzensulfonic acid + 2H), 7.34-7.29
(m, 2H), 7.26-7.22 (m, 1H), 6.99 (s, 2H), 6.51 (brd, J
= 6.4 Hz, 1H), 4.00 (s, 6H), 3.32-3.20 (m, 8H), 2.87
(s, 3H), 2.80 {(sept, J = 7.0 Hz, 1H), 2.46-2.27 (m,
4H), 2.06-1.97 (m, 1H), 1.95-1.81 (m, 1H), 1.76-1.69
(m, 2H), 1.49-1.40 {m, 1H), 1.28-1.22 (m, 1H), 1.19
(d, J = 2.9 Hz, 3H), 1.18 (¢, J = 2.9 Hz, 3H).

di-ethane sulfonic 1H-NMR (MeCD, 400 MHz) & 7.48-7 .46 (m, 2H), Crystaliine,
acid salt 7.35-7.31 (m, 2M), 7.27-7.24 (m, 1H), 7.00 (s, 2H), see Fig. 10
6.55 (dd, J = 7.0, 1.2 Hz, 1H), 4.01 (s, 8H), 3.22-3.15
(m, 8H), 2.87 (s, 3M),2.78 (q, J=78Hz, 4 M, 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, SH, 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-naphthaieng-2- TH-NMR (MeQD, 400 MHz) & 8.34 (brs, 2H, 2 Crystalline,
sulfonic acid sait 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
metecules of naphthalene-2-sulfonic acid), 7.38-7.35
(m, 2H), 7.39-7.19 (m, 3H), 8.88 {s, 2H), 6.44 (brd, J
= 7.2 Hz, 1H), 3.95 (s, 6H), 3.31-3.10 (m, 8H), 2.87
(s, 3H), 2.88 (sept, J = 7.0 Hz, 1H), 2.47-2.25 (m,
4H), 2.04-1.94 (m, 1H), 1.93-1.88 (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).




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 145C. A R2ARIUHEShsistent with structure. di-citric acid salt 1H-NMRCORELERWth structure.
di-succ n ¢ acid salt 1H-NMR: Consistent with structifre. di-tartric acid salt 1H-NMR: Consistent with
structure. Reference Example Si: Preparation and characterization of the di-hydrochloric acid 5 salt
of COMPOURBIe7Z §ihvrgciriisationslai)for dbercsad foomy oh ¢ CHRMDIOND Res assgHingwhite
suspension.ib gehetdPpddasiare 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 gygle (Ti = 20C, T2 = 25C, hoigipg digie 1 h, respectively; 10 heating and cooling rate
5C/h, 500 rpm). After 18 repetitions the suspension was filtered and the solid was dried in vacuum to

194 2 DA DT o o RN Qe saoasist

di-salicylic acid salt 1H-NMR: Consistent with structure.
di-saccharinate 1H-NMR: Consistent with structure.
di-maionic acid salt 1H-NMR: Consistent with structure.
di-malic acid salt 1H-NMR: Consistent with structure.
di-giycolic acid salt tH-NMR: Consistent with structure,
di-ketoglutaric acid sait 1H-NMR: Consistent with structure.
di-phosphoric acid salt Melting point at about 145°C.

1H-NMR consistent with siructure.

di-citric acid salt 1H-NMR: Consistent with structurs.
di~succinic acid salt _ TH-NMR: Consistent with structurs.
di-tartric acid salt | TH-NMR: Consistent with structure.

Reference Example $1: Preparation and characterization of the di-hydrochloric acid
5 salt of COMPOUND

7.598 mlL ag. HCl (0.1N) was added to 200.7 mg COMPQUND resuiting in a white
suspension. 5 mL 2-PrOH were added and the obtained clear solution was evaporated o
dryness under nitrogen. 4 mL TBME were added to the residue and the suspension was
shaken with a temperature cycie (T1 = 20°C, T2 = 25°C, hoiding fime 1 h, respactively;

10 healing and cooling raie 5°C/h, 500 rpm). After 18 repetitions the suspension was filtered
and the solid was dried in vacuum to vieid 285 mg of the di-hydrochioric acid saft of
COMPOUND.



Technigue Data Summary Remarks XRPD Crystalline. The di-hydrochloride salt of COMPOUND is
characterised by the presence of peaks in the X-ray powder diffraction diagram at the following angles .
of refraction 20: 9.19', 9.77, 15.36, 16.14, 17.08, and 18.12 (especially characterised by 20: 9.19, 9.77,
and lS.lZ).‘gé)ezHg?Tﬁ%Iting point about 113C 1H-NMR Consistent withstrtie S?Ieu.sﬁémental : '
analysis Consistent with di-hydrochloride salt Hygré8copicity Slightly hygroscopic (mass change
0.5%) Example S2: Preparation and characterization of the di-methanesulfonic acid salt of
COMPOUNTBS. 2 78halapiriRatiee bhioats Hdy derRNABAEIE M FSPMTAIYR mg of
COMPOUNB-disselvedHn7mi-EtBAe-TFhe-clear-setution-was-evaperatege-arynress-underritrogen
and the obtaifesdhnagidue was suspatelSdmnmighaken in 4 mL of a EtOAc/heptaRferfiad¥smixture with a
temperature cycle (Ti = 20C, T2 = 25C_holding time 1 h_respectively; heatingiand cogling rate 5C/h,
500 rpm). AfteRiB repetitions the| SU¥PEAGR_IN was filtered and the solid 10 was deedign vacuum. The
obtained soalid was suspended andshaképdmodhimidd BM Ef(GmhatathEeieycle: Ti = 20C, T2 = P5C,
holding time 1 h, respectively; heafing andico0lRaHalatiBe 3PP Afler.18 repetitions the

suspensionjwas filtered and the solid was dried in vacuum to yield the di-methanesulfonic acid salt of
COMPOUND. ray powder diffraction diagram at the following

angles of refraction 26: 9.18°, 8.77°, 15.36°,
16.14°, 17.08°, and 18.12°
(especially characterised by 20: 9.19°, 9.77°,

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

Example $2: Preparation and characterization of the di-methanesulfonic acid salt of
COMPOUND

5 0.0478 mL Methanesulfonic acid was added fo a clear solution of 198.7 mg of COMPOUND
dissolved in 7 mi EtOAc. The clear solution was evaporated o dryness under nitrogen and
the obtained residue was suspended and shaken in 4 mbL of a EtCAc/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 anc¢ shaken in 1 mL TBME
(temperature cycle: 71 = 20°C, 72 = 25°C, holding time 1 h, respectively; heating and cocling
rate 5°C/h, 500 rpm). After 18 repetitions the suspension was filtered and the solid was dried

in vacuum to vield the di-methanesulfonic acid sait of COMPOUND.



WO 2010/046857PCT/1B2009/054637 33 Table 52: Characterisation data for the di-methanesulfonic
acid salt of COMPOUND Technique Data Summary Remarks XRPD Crystalline see Fig. 2 1H-NMR
1H NMR (MeOD, 400 MHz) 5748-746 (m, 2H), 7.35-7.32 (m, 2H), 7.27-7.231ém 1%,_7.00 (s, 2H), 6.57
*(ord, 3= 7.8 HD1 (s, 6H), 3.35-3.20 (m. 8HY. 2.89 (s, 3H), 2.71 [ EH2ME s of
methanesulfonic acid), 2.63 (sept, J = 7.2 Hz, 1H), 233-2.26 (m, 4H), 2.07-1.94 (m, 2H), 1.79-1.71 (m,
2H), 1.51-1.42 (m, 1H), 1.32-1.23 (m, 1H), 1.21 (d, J = 2.4 Hz, 3H), 1.20 (d, J = 1.8 Hz, 3H).

Elemental aitifsR2CORareatisatipnidsatritbe fonrihaigsaipnieaid sritss GRMPLHMEh and
characterization-of-the-di-para-tolgenesutfenic-acid-saltt-o- COMPOUND-5199 4 mg-oF- COMPOUND
was dissolveteshmimie EtOAc. 139.BatagSparaojuenesulfon ¢ acid dissolved in|1RembrkEs0Ac was
added. The/clear solution.was.evaporated.to dryness under nitrogen and the residue was suspended
in 4 mL of g ErkE/Hept (1:3) mixtwgsandshaken with a temperature cycle (tersperagure cycle: Ti =
20C, T2 = 25C, holding time 1 h, respectively; heating and cooling rate 5C/h, 500 rpm). After 18 cycles

the solvent wasn ik evaporated uhgenyagumiacand thefgicsresilugavgs syspended in 2 ml EtOAc.
After brief sonication (3 min) the suspension was shaken with a temperature cycle (temperatufe cycle:

Ti = 20C, T2 = 25C, holding time 1/t réspetlive Redihgaiil dbeiindHate 5C/h, 500 rpm). After 18
repetitions the suspension was filtéltdld &hd redsdlidiadzd i thliasudm.to yield 173.8 mg of{the

di-para-toluenesulfonic acid salt of {2EMBPOHNEH) Wy2018/0468 (£ Eil/32132009/054637 34| Table

$3: Characterisation data for the j%?égd}gsluo %&Hgggslﬁl O%I% ggl{}}f)&(e‘,?&/le%gu ND

J= 7.2 Hz, 1H), 2.53-2.26 (m, 4H), 2.07-1.94
(m, 2H), 1.79-1.71 {m, 2H), 1.51-1.42 (m, 1H),
1.32-1.23 (m, 1H), 1.21 (d, J = 2.4 Hz, 3H), 1.20
(d, J = 1.8 Hz, 3H).

Elemental analysis Consistent with di-methanesulfonic acid sait.

Example 83: Preparation and characterization of the di-para-toluenesulfonic acid salt
of COMPOUND '

5 1898.7 mg of COMPOUND was dissolved in 7 mL EtOAc. 139.2 mg para-foivenesuifonic 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
with a temperature cycle (femperature cycle: T1 = 20°C, T2 = 25°C, holding time 1 h,
respectively; heating and cooling rate 5°C/h, 500 rpm). After 18 cycles the soivent was

10 evaporated under vacuum and the solid residue was suspended in 2 mi EIOAc. After brief
sonication (3 min) the suspension was shaken with a femperature cycle (femperature cydle:
T1 = 20°C, T2 = 25°C, holding time 1 h, respeciively; 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.



Technique Data Summary Remarks XRPD Crystalline see Fig. 3 11-I-NMR 1H NMR (MeOD. 400
MHz) 67.71-7.68 (m, 4H. 2 molecules of TsOH), 7.45-7.42 (m, 2H, 2 molecules of TsOH), 7.34-7.30 (m,
2H, 2 molecules of TsOH), 7.27-7.25 (m, 1H), 7.21-7.19 (m, 4H), 7.00 (s, 2H/ 6.35 E}Qr d,,]J = 8.0 Hz,
1H), 4.00 (s, 6H"48%5371 5 (m. 8H), 2.87 (s, 3H), 2.60 (sept, J = 7.0 Hz, THY (S *6H, 2 molecules
of TsOH), 2.36-2.29 (m, 4H), 2.01-1.98 (m, 1H), 1.924..91 (m. 1H). 1.75- 1.69 (m, 2H), 1.49-1.41 (m,
1H), 1.32-1.23 gm, 1H), 120 (d, J = 2.9 Hz, 3H), 1.17 (d. J = 2.9 Hz, 3H). Elemental analysis
Consistent WitR!8li- F3ra-fohgEretifsHrnsaeta Efamphe sAimapdrivencaHitarR4idizaatn of the
sulfuric acidcaMmPOCRIMPOUND 50.733 mL aqueous sulfuric acid (0.5M) was added to a solution of
200.2 mg COMPOUND in 10 mL MEK resulting in a clear solution. After 2 days the obtained
suspension waggigird and the salidsvaseigd in vacuum for 1h yielding the menResgkitiuric adid salt of
COMPOUND containing about|6 equivalents of water. Table $4: Characterisation data for the
di-sulfuric al t of COMPOL:\”tﬁS aqlﬁrénique Data Summary Remarks XRPD grgl Ilige see Fig. 4

a
Elemental analysis Consistent mono-sulfuric acid salt (about 1.1 equivalentse ?@(34 found).

Contains ahapl G FuIVaIeNTs ONWATEE: (MeoD. 400 Miz) 5 7.71-7.68 (m, 4H, 2

molecules of TsOH), 7.45-7.42 (m, 2H, 2 molecules
of TsOH), 7.34-7.30 {m, 2H, 2 molecules of TsOH),
7.27-7.25 (m, 1H), 7.21-7.19 {m, 4H), 7.00 (s, 2H),
6.35 (br d, J = 8.0 Hz, 1H), 4.00 (s, 6H), 3.23-3.15
{m, 8H), 2.87 (s, 3H), 2.60 (sept, J = 7.0 Hz, {H),
2.36 (s, 8H, 2 molecuies of TsOH), 2.36-2.29 (m,
4H), 2.01-1.88 {m, 1H), 1.97-1.91 {m, 1H), 1.75-
1.69 (m, 2H), 1.49-1.41 (m, 1H), 1.32-1.28 (m, 1H),
1.20 (d, J = 2.9 Mz, 3H), 1.17 {d, J = 2.8 Hz, 3H).

Elemental analysis | Consistent with di-para-toluenesuifonic salt.

Exampie S4: Preparation and characterization of the sulfuric acid sait of COMPOUND

5  0.733 mbL agueous sulfuric acid {0.5M) was added {o a solution of 200.2 mg COMPOUND in
- 10 mL MEK resulting in a clear solution. After 2 days the obtained suspension was filtared
and the solid was dried in vacuum for 1h yielding the mong-sulfuric acid salt of COMPOUND

containing about 6 equivalenis of water.

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

Technique Data Summary Remarks
XRPD Crystailine see Fig. 4
Eiemental analysis Consistent with mono-sulfuric acid salt {about

1.1 equivalents H,80, found). Contains about 8

equivalents of water.

10



WO 2010/046857PCT/1132009/054637 35 Example S5: Preparation and characterization of the .
di-maleic acid salt of COMPOUND Maleic acid (256 g, 2.2 mol, 2.1 eq), dissolved in MeOH (630 mL,
1.1 volumes) was added to a refluxing solution of COMPOUND (682 g, 84% w/w ()NMR assay), 1.05
“mol) in EtOA ?&%%?‘Tisaolumes). The resulting mixture was stirred under et Fhinutes and
was then 5 cooled to 65-68C within 30 minutes and3§eeded with 0.04% w/w of seeding crystals of
dimaleic acid salt of COMPOUND (Seeding crystals were obtained after careful crystallisation using

the same proX@e’e FhPRRaPE RN thehaceiraten cbibsdimasic antdinal R %ﬁ’é"gﬂgﬁﬁ@d
suspension was. then ed gown 10.20C over 1 h, filter nder. Q. of nitrogen and rinsed with
Ftone (1500 B SO A b R st e T R AE o
nitrogen for22eMéting &OVHARA TS YBBYY B tRe ai-FateitvadEarsPOOMP OUND . Etghie (85:
Characterisation esitanten thedignateis actdsaltaf SEMROENRMechniRIMPats SUMmaHRemarks
XRPD Grystalli ~iQ. I therm. wi ltin in 47 r 1H NMR
(MeOD,% 400@\’/%1—%% f@%ﬁglﬁ%g@ % g%%%%%é%%éggégﬁ(lfﬁ gcpfa i by &Bg% “%%W%Ei%%%
molecules oFARifefCddaY, B 881, BHY) 3{8oedntociniiaity eearPiaingtfiteren &ibtnetalisatio, 1H),
2.52-2.45 (msiBbhR <282 @3t6an| 2HhH 2riigiu s 02 érthehhihole8 6 ¢ads 568 1213 4R°4 MzhibHk) h 1THe- 1.69

(M, 2H), 1.485L:38dRashidhsibn? ds2th M 35 Tt Ao )20 oW B dhidf@ d%kizr 2% Hr 37)-

Elemental analysis . .
nitrogen and rinsed with EtCAc (1500 mL 2.6 volumes). The obtained white solid was then

10 dried under 1 atmosphere cf nifrogen for 24 hours {o yieid 715 g (88%) of the di-maleic acid
salt of COMPOUND.

Table 85: Characterisation data for the di-maleic acid salt of COMPOUND

Technigue Data Summary Remarks
XRPD Crystalline see Fig. B
DsC Melt endotherm with melting point at about 147°C

"H-NMR TH NMR (MeCD, 400 MHz) 8 7.31-7.21 (m, 5H),

6.68 (s, 2 H), 6.38 (brd, J = 5.8 Hz, 1H), 6.27 (s,
4H, 2 motecules of maleic acid), 3.88 (s, 6H), 3.32-
3.10 (m, 8H), 2.86 (s, 3H), 2.60 (sept, = 7.0 Hz,
1H), 2.52-2.45 {m, 2H}, 2.29-2.23 (m, 2H}, 2.08-
2.02 {m, 1H), 1.96 (dd, J = 14.2, 2.4 Hz, 1H), 1.76-
1.88 (m, 2H), 1.48-1.39 (m, 1H), 1.28-1.21 (m, 1H),
1.18(d, d =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%)




Consistent with di-maleic acid salt. Hygroscopicity Non hygroscopic (mass change 0.1%) WO
2010/046857PCT/1132009/054637 36 Example 56: Preparation of the sesqui-fumarate salt of
COMPOUND 199.5 mg of COMPOUND were dissolved in 5 mL EtOAc. A clear solution of 85.4 mg
fumaric aci'dviVnOE“;’Or%ﬂiﬂ‘:lf%ﬂ'—7 was slowly added. The obtained clear solution ad &3neentrated to 3 mL
solution under nitrogen resulting in precipitation. Th&émixture was filtered and the solid was 5dried in
vacuum. The obtained solid was the sesqui-fumaric acid salt of COMPOUND. Table 56:
Characteris&f@Ma%tS %o PiRaUaNiof iR ASItiofeme Gt PR AVE Pelthique Data Summary

R ks X Crystalli ig. 6 DSC Mel t ith melti int t 180C.

T TNMR TR 00 M e Ao fro Bt Al & BEH BRI SEUh Aere ),
6.59 (s, 2H)28BE QIMLITET wag gowd adepd Bee(sbinpdachgusoliipn ues) cangoogated g 1M,
3.15-3.11 (nsoR@kitn 28 sitdidinZeilBent dracipihtits,. THe, RAibdra2wis N2t hnd 2832 (has2H),
2.07-1.98 (g, dht), Ja%&ﬁﬁ.drﬁe%&é;(gefs§n'a'8aﬁfs;n§ F%@ééam%m 250 AR AARHB ) 1.29-1.21 (m,

1H), 1.19 (d, J = 2.8 Hz, 3H), 1.18 =2.
Table $6: Characterisation data for the sesqui-fumaric acid salt of COMPOUND

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

H-NMR 1H NMR (MeQD, 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), 2.80 (sept, J = 7.0 Hz, 1H), 2.53-
246 (m, 2H), 2.26-2.21 (m, 2H), 2.07-1.98 (m, 1H),
1.96 (dd. Jd = 14.0, 2.8 Hz, 1H), 1.76-1.89 (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%)




Elemental analysis Consistent with sesqui-fumaric acid salt. Hygroscopicity Non hygroscopic (mass
change 0.1%) WO 2010/046857PCUIB20091054637 37 Example S7: Preparation of the
di-hydrobromic acid salt of COMPOUND 0.3665 mL of aqueous 2 molar hydrohromic acid was slowly
added to a s‘}gﬁjﬁeolﬁq%iﬂ:%s mg COMPOUND in 0.4 ml THF and the obtfi%%@é’ﬁs%e%%%n was heated
(heat gun). The clear solution was cooled to r.t. resdlfing in a precipitation. 3 mL THF was added, the

suspension 5was shaken, filtered and the solid was vacuum dried §1h 3 mbar).. The obtained solid

was the di-FyHEBle M BEaEAHBT GBI RGRGARY 85 Scémﬁ\% s of water. Table S7:
Characterisqtign dafa ot e drbydishrame a5 sat o COMPOUNR. Techoifye PavaSumery
Remarks Xr%“g%@ r stoaléﬂeegee {g Eﬁg% E brogl(iaal endotherms wit peaks at about 9 MNC

COMPOUND in 0.4 ml THF and the obtained suspension was heated (heat gun). The clear

solution was cooled to r.t. resulling in & precipitation. 3 mL THF was added, the suspension

5 was shaken, filtered and the solid was vacuum dried (1h, 3 mbar).. The obtained solid was

the di-hydrobromic acid salt of COMPOUND containing about 3 equivalents of water.

Table S7: Characterisation data for the di-hydrobromic acid salt of COMPOUND

Technique Data Summary Remarks
XRPD Crystaliine see Fig. 7
bsC 2 broad endotherms with peaks af about 89 and

117°C

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

about 3 equivalents of water.

Hygroscopicity Non hygroscopic (mass change 0.1%)




Elemental analysis Consistent with di-hydrobromic acid salt. Contains about 3 equivalents of water.
Hygroscopicity Non hygroscopic (mass change 0.1%) WO 2010/046 e7PCT/1132009 /054637 38

Claims 1. A @,“ 6gz;}lt of the compound isobutyric acid (1R",2R",4R*):2rigsdldslghsgdimethoxy-
1H- ben20|m|daz 2-y1)-propyl]-methyl-aminol-ethyl)-5-phenyl-bicyclo[2.2.2)oct-5-en-2-y1 ester;
wherein said crystalline salt consists of: 5 1 equival&ft of isobutyric acid
(1R",2R",4R*)-2-(2-113-(4,7-dimethoxy-1H-

ben20|m|daéql ~2- gl) propylj-methyl-aminol-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1 ester; an acid
component 'C'OTTSTStlng of Ito 2 equivalents of an acid selected from the group consisting of

hydrobromiq acids$uurie @@%M&j@rﬁﬁ&n&lw&ﬁ@@e@qwmﬂw ifonic geid, 7-dimethoxy-
para- toluenei%{ fonlg”%(': 8203_ 4 Enesul:l'om 'éijz% ;M lSU| 15 %sﬁl%?& 560 2—yl

naphthalene-2-su foNic ac esu Onic acl equ Vah water.
crystalline sesst YHeEshsgsLeisiebibatsae camRiste RT, 2R* 4R1- 2 -(2-{13-(4,7-dimethoxy1 H- benzoimi d

azol-2-yl)- propyllmﬂ%@mwl@}w{w&a@r@h@m gRe oizyz{mt?sfﬂfmw@ iBester according to

claim 1, wherein the com S enanti Il enr ch
acid(1R,2RAR)-2- qée‘fﬁo%? (ﬂln a]o%!rrrqf % ng pro\ﬁy?]‘ %2 o e Sl
ethyl)-5-phenyl- blc%m[z 2 2)oct 5-en-2-yl ester. 3. A crystalllne salt of the compound isobutyric acid

(1R*,2R*,4R")-2- (%ﬁ[%o(é&m%ﬁﬁ&@&ﬂsldtshgrﬁaiEﬂiﬂ@smlr@e‘ﬁléﬁ epydinaiByt=artishoihetgydd-ph

enyl-bi cyclo[2.2. 2)oct 5 -e n- 2 2 ter accord ng toi claims 1 .or 2 \fvherelncthe aC|d com Exgnent of
T Y rom:c tc furnc acid, rP %
said crystalline sal?conss 10 equwalen s of hy fobromic: aC| eduwa ents of sulfuric

acid, 118r 2 equuvatéﬂtsamwlarelé aelitl, ety Pleeiavaiehie wm@@fﬁ@%ﬁﬁuﬁqﬂ@raﬂéqaﬁmwﬁ@ﬂ@f

methanesulfonic agig.dlsfchieddivalenttrelarra-taluenesaionia acidndsorchieguivatents of
benzenesulfonk.: aci L to 2 elg vaIFnt of naphthalene-1,5-disulfonic acid, 1 or 2 25equivalents of
naphthalene-2-sul 5&“ orTo QNgqeuwalents of ethanesulfonic acid.

2. A crys’fallme 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[2.2.2Joct-5-sn-2-yi

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-yi)-propyi}-methyl-amino}--
ethyl)-5-phenyl-bicycio[2.2.2]oct-5-en-2-yl 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 equivaients 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)-propyll-methyl-aminc}-ethyl)-5-phenyi-bicyclo[2.2. 2}oct-5-en-2-yl

ester according to any cne of claims 1 to 3, wherein the acid component of said crystaliine
salt consisis of 2 eguivalents of hydrobromic acid, 2 equivaients of maleic acid, or 1.5

30  equivalents of fumaric acid.



4. A crystalline salt of the compound isobutyric acid
(1R".2R*,4R")-2-(24[3-(4,7-dimethoxylH-benzoimidazol-2-y1)-propyl]-methyl-amino)-ethyl)-5-phenyl-bi
cyclo[2.2.2]oct-5-en-2-y1 ester according to any oneagf 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
30equivalents of fumaric acid. 39 5. A crystalline salt of the compound isobutyric acid

(1R*,2R* 4R" P2s(Zstidi(, Bafiimicimorympound isobutyric acid (1R*,2R* 4R*)-2-(2-{[3-(4,7-dimethoxy-

L-benzoipdagel Ay pyony - MELHASNPYRIR:SroReBYBiGHola-R Rloch Seem-23.ster
ysta I t

according to any one of claims'1 to A? wherein said cryst fin_e salt consists of: 1 equivalent of
compouncEREHARRREUGI ARY 278 ARIGIPS 3.t asdfifethihGhmtRline salt consists of.
5benzclJimidaZfDI-ﬁ@w%auiiw%mmmm@w@)@a@h%wﬂabme,ul?{az)aallzagt?ﬁz@m=8w&tﬁ§m #b
equivalents of maleic acid; an uivalents of water. 6. A crystalline salt mpound. ispbutyric
acid (%R",ZR", 4R%@ag&qﬁ@@%m[ﬁ%r&%dﬁmethyl-am;no}—ethyf)»%m%enﬁ-ﬁmyc ofg.g.g?ocgg-engz-yf)
101H-benzoimide&gse-y1)-propyll-methyl-aminol-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1 ester

according to clairp éqsmar&%%ﬁ%gagx theypresence of peaks in the X-ray powder diffraction diagram
at the following angles of refraction 20: 10.15, 20.39, and 22.63, wherein said X-ray powder diffraction

diagram is obfainB&HY IR CLeradiation and the accuracy of the 20 values is in the range of 20
+-0.2. 157. talline salt of th d isobutyric acid (LR*.2R* 4R")-2-(2-{[3(4, 7-dimethoxy-
T benzoiAI SR FRorab AR LS Sren) B B 3 St ety
accot@ling idiemindmatencciefiseciy] ety senioe jafthghksrinand Neajopb A dEratifimetoy diagram
at the folloydpg angles;H BTAsHe s 20ha9deRetd A0-dR bragbndk $lp@k39n288 323 Fnrfkl 7

and 25.61"; wherein said X-ray powder diffraction 20diagram is obtained by using Cu Kal radiation;
and the aceiifaeljosr Haweatdessiianeeangeles 26 fefraction. 20cryBtafiime28atPorf A cdnfisound

iSObUtyriC_Wgrm&ﬁiﬁ“gy‘%[&ﬁﬂagﬂma%'is obtained by using Cu Ka1 radiation; and the
1H-benzoimidazol-2-y1)-propyll-methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1 ester
according BHERTY B WisdH Halves RéiiNg FuiRe &Y 456Ut 947C as determined by 25differential

ST TR BRI I S e e (R SRS Y sy
1H-benzoiffidegotginyitpariedyl)-pretyianimbiethpl)-Shyhehphbioydiciz. R[22 1HElcBidnegivester
according [ eaiRR@RRIRARISRYS, characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angies of refraction 26: 5.07°, 8.19°, 10.15°, 15.26°,
17.61°, 20.39°, 22.63°, 23.93°, 24.27°, and 25.61°; wherein said X-ray powder diffraction
20  diagram is obtained by using Cu Ka1 radiation; and the accuracy of the 20 values is in the

range of 26 +/- 0.2°.

8. A crystalline salt of the compound isobutyric acid {1R*,2R* 4R*}-2-(2-{[3-(4,7-dimethoxy-
1H-benzoimidazol-2-yi)-propyl]-methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2 . 2]oct-5-en-2-yl
ester according to claim 5, which has a meliing point of about 147°C as determined by

26 differential scanning calorimetry using the method as described herein.

30



1 refluxing a solution of isobutyric acid (1 R*,2R",4R*)-2-(2-([3-(4,7-dimethoxy-1H-
5benzoimidazol-2-y1)-propyli-methyl-aminoyethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1 ester (682 g,
84% wi/w, 1.05 mol) in EtOAc (6.3 L, 11 volumes); 2 &glding maleic acid (256 g, 2.2 mol, 2.1 eq)
dissolved in MeOH (630 mL, 1.1 volumes); 3 stirring the resulting mixture under reflux for 15
minutes and cooling to 65-68C within 1030 minutes; 4 optional seeding with 0.04% w/w of seeding
crystals; Fcoblicnystadineisritetd40@mitbing isobusyrd contingRhE MitRie 26 2(& (kitkdimehowy: 7

itering the;solihuaeRs . baf 05 BUASRBANCLHISIL NG SN SIAG ISR S 133 volumes)

and 8. drying the solid under 1'atmosphere of nitrogen for 24 hours. 10 A c¢rystalline salt of the
compoun@RBLAGAGI TR OR CRRERIHLY1 3-(4, 7-dimethoxy-
1H-benzoimidazeb@yihy peomdiviethyt aibayethy Bt plieRy ERicy s 0[2-22)0au F-eim b gstel-

accorgding to any,one of claims.l 1o 4, wherein the acid .c pent of sai line 20salt.consists of
5 egunmlents Ao d B BN OSSR PRI G A P8

(1R* 2R* 4R*)-2-€3ie3Ba270d fAktewy-1.05 mol) in EtOAc (8.3 L, 11 volumes),

1H-benzoimidazelddid ) RErRY lddretRssaglinok et -2-phenyhkisycd2ig. 2leci-b-@n-wl ester
according to claim 10, characterised by the presence of peaks in the X-ray powder diffraction diagram
at the following awallﬁge refraction 20: 5.27, 8.05, and 20.61"; wherein 25said X-ray powder diffraction
diagram is obtairgtring tismgsOlintah irddiationsnrefthe facdératy bdshen @ Cacting £0i § 68 E raitige of 20
+/- 043 12, A cryg@w,%&@;t of the compound isobutyric add (1R’f,2R*,4R*)-2-(2-{[3-(4,7-dimethoxy-
1H-benzoimidazol-2-y1)-propylFmethyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1 ester
according to afy SHIOHH ASHHEL WEUO A& MMAESESHD APEAENE of said crystalline 30salt consists of
2 equivalents &f hydiehrvmiaiacics HUARCRysiaiB&sak,of the compound isobutyric acid
(1R*,2R",4R*)g-@%—é@-ézlhé-%img;g%(%l;bbv%%gimigoauzrol-2-y1)-propy|i-methyl-amino}-ethyl)-5-phenyl-bi
cyclo[2.2.2]oct-5-en-2- i ’
7. filtering the solid under 0.2 bar of nitrogen and rinsing the soiid with EtOAc (1500 mL
15 2.6 volumes); and

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

10. 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-bicyclof2.2 2}oct-5-en-2-yl
ester according {o any one of claims 1 to 4, wherein the acid component of said crystaliine

20  salt consists of 1.5 equivalents of fumaric acid.

11. A crystalline salt of the compound iscbutyric acid (1R*,2R* 4R™}-2-(Z-{[3-(4,7-dimethoxy-
1H-benzoimidazol-2-yl)-propyi]-methyl-amino}-ethyl)-5-phenyl-bicycio[2.2 2joct-5-en-2-yi
ester according to claim 10, characterised by the presence of peaks in the X-ray powder
diffraction diagram at the foliowing angies of refraction 20. 5.27°, 8.05°, and 20.61°; wherein
25 said X-ray powder diffraction diagram is obtained by using Cu Ko radiation; and the

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

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-phenyi-bicyclo[2.2. 2joct-5-en-2-yl
ester according to any one of claims 1 to 4, wherein the acid component of said crystaliine

30  salt consists of 2 equivalents of hydrobromic acid.

13. A crystalline salt of the compound ischutyric acid (1R*,2R* 4R*)-2-(2-{[3-(4,7-dimethoxy-
1H-benzoimidazol-2-yl}-propyl}-methyl-amino}-ethy!)-5-phenyl-bicyclo[2.2 . 2]oct-5-en-2-yl
ester according to claim 12, 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
35 said X-ray powder diffraction diagram is obtained by using Cu Kal radiation; and the

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



ester according to claim 12, 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'; wherein 35said X-ray powder
diffraction diagram is obtained by using Cu Kal radiatipn; and the accuracy of the 20 values is in the
range of 20 +/- 0.2. 41 14. A pharmaceutical composition comprising a crystalline salt of the
compound isobutyric acid

(1R*,2R* 4R*)#2{éﬁa{faa(deatmiaheﬁmgeilibhb@mmmi@tazm@syéj)kmmwiamtbmmammmetlsxabtﬁyﬁhenyl-bi

CyCIof2.2.ZLeC1R-Z7HL s ACERICNG 19 A AE AL SIS S KA RRARSHAFAY-

acceptable carrler 515. A cry stallin utyric aci
(1R*2R" @M)j&@bﬂ}ﬂ@@t&pﬁﬁ&@% -5-en-2-yl ester according to any one of claims 1t 13, and a

1H-benzopnigazaledtichlnpeepRihanashydrasrinol-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1 ester
according to any one of claims 1 to 13, or a pharmaceutical composition according to claim 15, for use

as a meditamantytgsiitecseft atiystadineosatt sbthaycompou R ISR UHRIG-2¢RH[BA4,7-dimethoxy-
dimethoxyriiHhenzoimidazslA-yhiBromdisneivanaing): %texgrgx@w&ﬁ%@?s?eﬂ%ﬁ en-2-y1

ester according to any one of claims™1 to 13 for the preparation Rarmaceutical comp0osition for
the treatnf&HiEoP i BMERRSHRE SEIRIE Arigina, Hﬂ/ﬁe‘?f@r’i%ﬁe CRFRTARPERRNaPFeEamE,
cardiac arghythrmiasoinadeding atealdionidlation, cardiac hypertrophy, or congestive heart failure. 15

16. Use of a crystalline salt of the compound isobutyric acid (1R* 2R* 4R*)-2-(2-{[3-(4,7-
10 dimethoxy-1H-benzoimidazol-2-yl)-propytl-methyi-amino}-ethyi)-5-phenyi-bicyclo[2.2.2]oct-5-
en-2-yl ester according io any one of claims 1 to 13 for the preparation of a pharmaceutical
composition for the freatment or prevention of chronic stable angina, hypertension, ischemia
{renal and cardiac), cardiac arrhythmias including atrial fibrillation, cardiac hypertrophy, or

congestive heart failure.

15



