
SALTS OF ISOBUTYRIC ACID (1 R* , 2R* , 4R* ) -2- (2-{ [3- (4 ,
7-DIMETHOXY-l H-BENZOIMIDAZOL-2-YL) -PROPYL] -METHYL-AMINO J-ETHYL)
-5-PHENYL-BICYCLO [2 . 2 . 2 ] OCT-5- EN- 2-YL Salt Forms The invention
relates to novel crystalline salt forms of isobutyric acid ( 1R* ,2R* ,4R*
)-2-(2-{[3- (4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-5-phenyl- 5
bicyclo[2.2.2]oct-5-en-2-yl ester (hereinafter also referred to as
"COMPOUND") or enantiomers thereof, processes for the preparation thereof,
pharmaceutical compositions containing said crystalline salt forms, and
their use as calcium channel blockers in the treatment or prevention of
chronic stable angina, hypertension, ischemia (renal and cardiac), cardiac
arrhythmias including atrial fibrillation, cardiac hypertrophy, or
congestive heart 0 failure. Said crystalline salt forms of the present
invention may also be used, alone or in pharmaceutical compositions, for
the treatment of renal diseases, diabetes and its complications,
hyperaldosteronism, epilepsy, neuropathic pain, or cancer in humans and
other mammals. Background of the Invention 5 Many cardiovascular disorders
have been associated with a 'calcium overload' resulting from an abnormal
elevated calcium influx through the plasma membrane of cardiac and vascular
smooth muscle cells. There are 3 major pathways through which extracellular
calcium can enter these cells: 1) receptor-activated calcium channels, 2)
ligand-gated calcium channels and 3) voltage-operated calcium channels
(VOCs). 0 VOCs have been classified into 6 main categories: L
(Long-lasting), T (Transient), N (Neuronal), P (Purkinje cells), Q (after
P) and R (Remaining or Resistant). L-type calcium channels are responsible
for the inward movement of calcium that initiates contraction in cardiac
and smooth muscle cells suggesting a putative application for blockers of
these channels in the cardiovascular field. In this view, L-type calcium
channel blockers 5 have been used in clinic since the early 60s and are now
recommended as a first line of treatment for systolic-diastolic
hypertension and angina pectoris. T-type calcium channels are found in
various tissues such as coronary and peripheral vasculature, sinoatrial
node and Purkinje fibres, brain, adrenal glands and in the kidney. This
broad distribution suggests a T-type channel blocker to have a putative
cardiovascular 0 protection, to have en effect on sleep disorders, mood
disorders, depression, migraine, hyperaldosteroneemia, preterm labor,
urinary incontinence, brain aging or neurodegenerative disorders such as
Alzheimers disease. Mibefradil (Posicor(r)), the first L-type and T-type
calcium channels blocker demonstrated a superior effect over calcium
channel blockers, which target the L channel predominantly.Mibefradil was
used for the treatment of hypertension and angina without showing negative
side-effects often seen by L channel blockers like inotropy, reflex
tachycardia, vasoconstrictive hormone release or peripheral edema.
Additionally, mibefradil showed a potentially cardioprotective effect
(Villame, Cardiovascular Drugs and Therapy 15, 41-28, 2001; Ramires, J MoI
Cell Cardiol 1998, 30, 475-83), a renal protective effect (Honda,
Hypertension 19, 2031-37, 2001), and showed a positive effect in the
treatment of heart failure (Clozel, Proceedings Association American
Physicians 1999, 111, 429-37). Despite the enormous demand for a compound
of this profile, mibefradil was withdrawn from the market in 1998 (one year
after its launch), due to unacceptable CYP 3A4 drug interactions. Moreover,
ECG abnormalities (i.e. QT prolongations) and interaction with the MDR-1
mediated digoxin efflux were also reported (du Souich, Clin Pharmacol Ther
67, 249- 57, 2000; Wandel, Drug Metab Dispos 2000, 28, 895-8). It has now
been found that crystalline salt forms of COMPOUND (isobutyric acid ( 1R*
,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-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 (WO2008/1
32679) 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. Description of the
Figures Fig. 1 shows the X-ray powder diffraction diagram of the
di-hydrochloric acid salt of 



COMPOUND in a crystalline form as obtained from Reference Example S 1. 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 (2Q) (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%), 2
1.17 (29%), 2 1.56 (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
diffractiondiagram measured with method 1 shows peaks having a relative
intensity, as compared to the most intense peak in the diagram, of the
following percentages (relative peak intensitites given in parenthesis) at
the indicated angles of refraction 2theta (selected peaks from the range
2-40 2theta with relative intensity larger then 10% are reported): 3.97
(100%), 7.21  (42%), 10.00 (39%), 14.09 (40%), 14.45 (29%), 15.99 (55%),
16.38 (22%), 17.16 (51%), 18.12 (44%), 18.34 (53%), 18.60 (19%), 19.38
(25%), 20.62 (35%), 2 1.02 (74%), 2 1.79 (18%), 22.24 (25%), 26.66 (30%),
and 27.63 (29%). Fig. 3 shows the X-ray powder diffraction diagram of the
di-toluenesulfonic acid salt of COMPOUND in a crystalline form as obtained
from Example S3. The X-ray diffraction diagram measured with method 1 shows
peaks having a relative intensity, as compared to the most intense peak in
the diagram, of the following percentages (relative peak intensitites given
in parenthesis) at the indicated angles of refraction 2theta (selected
peaks from the range 2-40 2theta with relative intensity larger then 10%
are reported): 4.35 (31%), 5.79 (100%), 7.43 (16%), 8.62 (17%), 10.93
(19%), 11.51  (31%), 13.98 (34%), 15.81 (26%), 18.06 (30%), 19.00 (20%),
19.39 (21%), 19.84 (31%), 20.30 (25%), and 25.51  (20%). Fig. 4 shows the
X-ray powder diffraction diagram of the sulfuric acid salt of COMPOUND in a
crystalline form as obtained from Example S4. The X-ray diffraction diagram
measured with method 1 shows peaks having a relative intensity, as compared
to the most intense peak in the diagram, of the following percentages
(relative peak intensitites given in parenthesis) at the indicated angles
of refraction 2theta (selected peaks from the range 2-30 2theta with
relative intensity larger 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 (65%),
and 27.24 (63%). Fig. 5 shows the X-ray powder diffraction diagram of the
di-maleic acid salt of COMPOUND in a crystalline form as obtained from
Example S5. The X-ray diffraction diagram measured with method 1 shows
peaks having a relative intensity, as compared to the most intense peak in
the diagram, of the following percentages (relative peak intensitites given
in parenthesis) at the indicated angles of refraction 2theta (selected
peaks from the range 2-40 2theta with relative intensity larger then 10%
are reported): 5.07 (26%), 8.19 (12%), 10.15 (93%), 15.26 (39%), 17.20
(12%), 17.61  (18%), 20.39 (100%), 20.88 (12%), 22.63 (47%), 23.93 (43%),
24.27 (26%), 24.51 (13%), 24.73 (17%), 25.61 (21%), 29.42 (25%), and 32.93
(16%), Fig. 6 shows the X-ray powder diffraction diagram of the
sesqui-fumaric acid salt of COMPOUND in a crystalline form as obtained from
Example S6. The X-ray diffraction diagram measured with method 1 shows
peaks having a relative intensity, as compared tothe most intense peak in
the diagram, of the following percentages (relative peak intensitites given
in parenthesis) at the indicated angles of refraction 2theta (selected
peaks from the range 2-40 2theta with relative intensity larger then 10%
are reported): 5.27 (57%), 8.05 (100%), 12.93 (18%), 15.20 (10%), 15.50
(20%), 19.45 (14%), 20.31 (31%), 20.61  (62%), 2 1. 1 1 (27%), 22.77 (15%),
25.42 ( 1 1%), 26.22 ( 1 1%), and 3 1.27 (21%). Fig. 7 shows the X-ray
powder diffraction diagram of the di-hydrobromic acid salt of COMPOUND in a
crystalline form as obtained from Example S7. The X-ray diffraction diagram
measured with method 1 shows peaks having a relative intensity, as compared
to the most intense peak in the diagram, of the following percentages
(relative peak intensitites given in parenthesis) at the indicated angles
of refraction 2theta (selected peaks from the range 2-40 2theta with
relative intensity larger then 10% are reported): 3.1  (59%), 6.2 (28%),
9.3 (18%), 14.4 ( 1 1%), 15.6 (100%), 17.3 (33%), 18.1 (15%), 19.4 (20%),
20.0 (37%), 2 1.4 (14%), 22.8 (16%), and 34.8 (43%). 



Fig. 8 shows the X-ray powder diffraction diagram of the
sesqui-naphthalene-1,5-disulfonic acid salt of COMPOUND in a crystalline
form as obtained from the general procedure for salt formation. The X-ray
diffraction diagram measured with method 2 shows peaks having a relative
intensity, as compared to the most intense peak in the diagram, of the
following percentages (relative peak intensitites given in parenthesis) at
the indicated angles of refraction 2theta (selected peaks from the range
8-26.5 2theta with relative intensity larger then 10% are reported): 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%), 2 1.3 (83%), 23.8 (13%), 24.9 (14%), and
26.2 (22%). Fig. 9 shows the X-ray powder diffraction diagram of the
di-benzenesulfonic acid salt of COMPOUND in a crystalline form as obtained
from the general procedure for salt formation. The X-ray diffraction
diagram measured with method 2 shows peaks having a relative intensity, as
compared to the most intense peak in the diagram, of the following
percentages (relative peak intensitites given in parenthesis) at the
indicated angles of refraction 2theta (selected peaks from the range 8-26.5
2theta with relative intensity larger then 10% are reported): 8.1  (16%),
8.5 (18%), 10.9 (20%), 11.4 (16%), 12.3 (20%), 12.6 (37%), 12.9 (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%), 2 1.3 (91%), 2 1.8 (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.
The X-ray diffraction diagram measured with method 2 shows peaks having a
relativeintensity, as compared to the most intense peak in the diagram, of
the following percentages (relative peak intensitites given in parenthesis)
at the indicated angles of refraction 2theta (selected peaks from the range
8-26.5 2theta with relative intensity larger then 10% are reported): 9.6
(25%), 9.9 (21%), 10.5 (23.3%), 11.2 (27%), 11.9 (17%), 12.9 (48%), 14.5
(53%), 15.0 (40%), 15.7 (100%), 16.5 (65%), 17.0 (40%), 17.7 (49%), 19.0
(67%), 19.7 (69%), 20.4 (68%), 2 1.5 (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 diagram measured with method 2 shows peaks having a relative
intensity, as compared to the most intense peak in the diagram, of the
following percentages (relative peak intensitites given in parenthesis) at
the indicated angles of refraction 2theta (selected peaks from the range
8-26.5 2theta with relative intensity larger then 10% are reported): 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%). In the X-ray diffraction
diagrams of Fig. 1 to Fig 11 the angle of refraction 2theta (2Q) 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 COMPOUND
(isobutyric acid ( 1R* ,2R* ,4R* )-2-(2-{[3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)- propyO-methyl-aminoJ-ethy^- -phenyl-bicyclo^^^loct-
-en^-yl ester); wherein said crystalline salt consists of:  1 equivalent of
COMPOUND;  an acid component consisting of 1 to 2 equivalents of an acid
selected from the group consisting of hydrobromic acid, sulfuric acid,
maleic acid, fumaric acid, 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. 2) Another embodiment relates to a crystalline salt
of COMPOUND according to embodiment 1) , wherein COMPOUND is
enantiomerically enriched isobutyric acid ( 1 R,2R,4R)-2-(2-{[3-
(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-5-phenylbicyclo[
2.2.2]oct-5-en-2-yl ester. 3) Another embodiment relates to a crystalline
salt of COMPOUND according to embodiment 1) , wherein COMPOUND is
enantiomerically enriched isobutyric acid
(1S,2S,4S)-2-(2-{[3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-5-phenylbicyclo[
2.2.2]oct-5-en-2-yl ester. 4) Another embodiment relates to a crystalline
salt of COMPOUND according to embodiment 1), wherein COMPOUND is isobutyric
acid ( 1R* ,2R* ,4R* )-2-(2-{[3-(4,7-dimethoxy-1 Hbenzoimidazol^-
y^-propyll-methyl-aminoj-ethy^- -phenyl-bicyclop^^loct- -en^-yl ester in 



enantiomerically enriched form having negative optical rotation. 5) Another
embodiment relates to a crystalline salt of COMPOUND according to any one
of embodiments 1) to 4), wherein said crystalline salt contains 0 to 3
(especially 0.5 to 3, notably 1 to 2) equivalents of water. 6) Another
embodiment relates to a crystalline salt of COMPOUND according to any one
of embodiments 1) to 4), wherein said crystalline salt contains 0
equivalents of water. 7) Another embodiment relates to a crystalline salt
of COMPOUND according to any one of embodiments 1) to 6), wherein the acid
component of said crystalline salt consists of 1 or 2 (especially 2)
equivalents of hydrobromic acid, 1 or 2 equivalents of sulfuric acid, 1 or
2 (especially 2) equivalents of maleic acid, 1 to 2 (especially 1.5)
equivalents of fumaric acid, 1 or 2 (especially 2) equivalents of
methanesulfonic acid, 1 or 2 (especially 2) equivalents of
para-toluenesulfonic acid, 1 or 2 (especially 2) equivalents of
benzenesulfonic acid, 1 to 2 (especially 1.5) equivalents of naphthalene-1
,5-disulfonic acid, 1 or 2 (especially 2) equivalents of
naphthalene-2-sulfonic acid, or 1 or 2 (especially 2) equivalents of
ethanesulfonic acid. In a sub-embodiment, the acid component of said
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) equivalents of fumaric acid, 2 equivalents of
methanesulfonic acid, 2 equivalents of para-toluenesulfonic acid, or 2
equivalents of benzenesulfonic acid. In another sub-embodiment, the acid
component 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 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
hydrobromic acid. A sub-embodiment relates to a crystalline salt of
COMPOUND according to any one of embodiments 1) to 5) or 7), wherein the
acid component of said crystalline salt consists of 2 equivalents of
hydrobromic acid; and wherein said crystalline salt contains about 3
equivalents of water.9) Another embodiment relates to a crystalline salt of
COMPOUND according to any one of embodiments 1) to 7), wherein the acid
component of said crystalline salt consists of 1 or 2 equivalents of
sulfuric acid. 10) Another embodiment relates to a crystalline salt of
COMPOUND according to any one of embodiments 1) to 7), wherein the acid
component of said crystalline salt consists of 2 equivalents of maleic
acid. 11) Another embodiment relates to a crystalline salt of COMPOUND
according to any one of embodiments 1) to 7), wherein the acid component of
said crystalline salt consists of 1 to 2 (especially 1.5) equivalents of
fumaric acid. 12) Another embodiment relates to a crystalline salt of
COMPOUND according to any one of embodiments 1) to 7), wherein the acid
component of said crystalline salt consists of 2 equivalents of
methanesulfonic acid. 13) Another embodiment relates to a crystalline salt
of COMPOUND according to any one of embodiments 1) to 7), wherein the acid
component of said crystalline salt consists of 2 equivalents of
para-toluenesulfonic acid. 14) Another embodiment relates to a crystalline
salt of COMPOUND according to any one of embodiments 1) to 7), wherein the
acid component of said crystalline salt consists of 2 equivalents of
benzenesulfonic acid. 15) Another embodiment relates to a crystalline salt
of COMPOUND according to any one of embodiments 1) to 7), wherein the acid
component of said crystalline salt consists of 1 to 2 (especially 1.5)
equivalents of naphthalene-1 ,5-disulfonic acid. 16) Another embodiment
relates to a crystalline salt of COMPOUND according to any one of
embodiments 1) to 7), wherein the acid component of said crystalline salt
consists of 2 equivalents of naphthalene-2-sulfonic acid. 17) Another
embodiment relates to a crystalline salt of COMPOUND according to any one
of embodiments 1) to 7), wherein the acid component of said crystalline
salt consists of 2 equivalents of ethanesulfonic acid. 18) Another
embodiment relates to a crystalline salt, especially an essentially pure
crystalline salt, of COMPOUND according to embodiment 1) or 10), wherein
said crystalline salt consists of:  1 equivalent of COMPOUND, or of
enantiomerically enriched COMPOUND as 



defined in any one of embodiments 2) to 4);  2 equivalents of maleic acid;
and 0 equivalents of water. 19) Another embodiment relates to a crystalline
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
angles of refraction 2Q: 10.15, 20.39, and 22.63. 20) Another embodiment
relates to a crystalline 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 angles of refraction 2Q: 5.07, 8.19, 10.15, 15.26,
17.61, 20.39, 22.63, 23.93, 24.27, and 25.61  . 21) Another embodiment
relates to a crystalline salt of COMPOUND according to embodiment 10) or
18), which essentially shows the X-ray powder diffraction pattern as
depicted in Fig.5. 22) Another embodiment relates to a crystalline salt of
COMPOUND according to embodiment 10) or 18) to 2 1) , which has a melting
point of about 147C as determined by differential scanning calorimetry
using the method as described herein. 23) 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 (6.3 L, 11 volumes); 2. adding 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 30 minutes; 4. optional seeding with 0.04% w/w of seeding
crystals; 5. cooling the mixture to 40C within 3 hours; 6. cooling the
mixture to 20C within 1 hour; 7. filtering the solid under 0.2 bar of
nitrogen and rinsing the solid with EtOAc (1500 ml. 2.6 volumes); and 8.
drying the solid under 1 atmosphere of nitrogen for 24 hours. 24) Another
embodiment relates to a crystalline salt of COMPOUND according to
embodiment 8), characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 2Q: 9.3, 15.6,
and 17.3. 25) Another embodiment relates to a crystalline salt of COMPOUND
according to embodiment 8) or 24), characterised by the presence of peaks
in the X-ray powder diffractiondiagram at the following angles of
refraction 2Q: 6.2, 9.3, 15.6, 17.3, 18.1  , 19.4, 20.0, and 22.8. 26)
Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 8), 24) or 25), which essentially shows the X-ray powder
diffraction pattern as depicted in Fig. 7. 27) Another embodiment relates
to a crystalline salt of COMPOUND according to embodiment 11) ,
characterised by the presence of peaks in the X-ray powder diffraction
diagram at the following angles of refraction 2Q: 5.27, 8.05, and 20.61.
28) Another embodiment relates to a crystalline salt of COMPOUND according
to embodiment 11) or 27), characterised by the presence of peaks in the
X-ray powder diffraction diagram at the following angles of refraction 2Q:
5.27, 8.05, 12.93, 19.45, 20.61, 2 1. 1 1 and 3 1.27. 29) Another
embodiment relates to a crystalline salt of COMPOUND according to
embodiment 11), 27) or 28), which essentially shows the X-ray powder
diffraction pattern as depicted in Fig. 6. 30) Another embodiment relates
to a crystalline salt of COMPOUND according to embodiment 11), or 27) to
29), which has a melting point of about 180C as determined by differential
scanning calorimetry using the method as described herein. 31) Another
embodiment relates to a crystalline salt of COMPOUND according to
embodiment 12), characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 2Q: 7.21  and
10.00. 32) Another embodiment relates to a crystalline salt of COMPOUND
according to embodiment 12) or 31), characterised by the presence of peaks
in the X-ray powder diffraction diagram at the following angles of
refraction 2Q: 3.97, 7.21  , 10.00, 15.99, 17.16, and 2 1.02. 



33) Another embodiment relates to a crystalline salt of COMPOUND according
to embodiment 12), 31) or 32), which essentially shows the X-ray powder
diffraction pattern as depicted in Fig. 2. 34) Another embodiment relates
to a crystalline salt of COMPOUND according to embodiment 13),
characterised by the presence of peaks in the X-ray powder diffraction
diagram at the following angles of refraction 2Q: 5.79 and 19.84. 35)
Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 13) or 34), characterised by the presence of peaks in the X-ray
powderdiffraction diagram at the following angles of refraction 2Q: 4.35,
5.79, 10.93, 13.98, 15.81 and 19.84. 36) Another embodiment relates to a
crystalline salt of COMPOUND according to embodiment 13), 34) or 35), which
essentially shows the X-ray powder diffraction pattern as depicted in Fig.
3. 37) Another embodiment relates to a crystalline salt of COMPOUND
according to embodiment 14), characterised by the presence of peaks in the
X-ray powder diffraction diagram at the following angles of refraction 2Q:
13.4, 17.5, and 2 1.3. 38) Another embodiment relates to a crystalline salt
of COMPOUND according to embodiment 14) or 37), characterised by the
presence of peaks in the X-ray powder diffraction diagram at the following
angles of refraction 2Q: 12.6, 13.4, 14.7, 17.5, 2 1.3, and 22.7. 39)
Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 14), 37) or 38), which essentially shows the X-ray powder
diffraction pattern as depicted in Fig. 9. 40) Another embodiment relates
to a crystalline salt of COMPOUND according to embodiment 15),
characterised by the presence of peaks in the X-ray powder diffraction
diagram at the following angles of refraction 2Q: 9.9, 14.2, and 2 1.3. 41)
Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 15) or 40), characterised by the presence of peaks in the X-ray
powder diffraction diagram at the following angles of refraction 2Q: 9.9,
12.9, 14.2, 20.1, 20.6, and 2 1.3. 42) Another embodiment relates to a
crystalline salt of COMPOUND according to embodiment 15), 40) or 4 1) ,
which essentially shows the X-ray powder diffraction pattern as depicted in
Fig. 8. 43) Another embodiment relates to a crystalline salt of COMPOUND
according to embodiment 16), characterised by the presence of peaks in the
X-ray powder diffraction diagram at the following angles of refraction 2Q:
9.8, 11.2, and 15.6. 44) Another embodiment relates to a crystalline salt
of COMPOUND according to embodiment 16) or 43), characterised by the
presence of peaks in the X-ray powder diffraction diagram at the following
angles of refraction 2Q: 9.8, 11.2, 15.6, 22.4, and 23.9.45) Another
embodiment relates to a crystalline salt of COMPOUND according to
embodiment 16), 43) or 44), which essentially shows the X-ray powder
diffraction pattern as depicted in Fig. 11. 46) Another embodiment relates
to a crystalline salt of COMPOUND according to embodiment 17),
characterised by the presence of peaks in the X-ray powder diffraction
diagram at the following angles of refraction 2Q: 11.2, 15.7, and 20.4. 47)
Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 17) or 46), characterised by the presence of peaks in the X-ray
powder diffraction diagram at the following angles of refraction 2Q: 11.2,
14.5, 15.7, 17.7, 20.4, and 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 powder diffraction pattern as depicted in Fig.
10. 49) The invention further relates to a crystalline salt, especially an
essentially pure crystalline salt, of COMPOUND (isobutyric acid ( 1R* ,2R*
,4R* )-2-(2-{[3-(4,7-dimethoxy-1 Hbenzoimidazol^-
yO-propyll-methyl-aminoJ-ethyO-S-phenyl-bicycloP^^loct- -en^-yl ester);
wherein said crystalline salt consists of:  1 equivalent of COMPOUND;  an
acid component consisting of about 1 equivalent of sulfuric acid; and
about 6 equivalents of water. 



50) Another embodiment relates to a crystalline salt of COMPOUND according
to embodiment 49), characterised by the presence of peaks in the X-ray
powder diffraction diagram at the following angles of refraction 2Q: 11.78,
13.69, and 14.19. 51) Another embodiment relates to a crystalline salt of
COMPOUND according to embodiment 49) or 50), characterised by the presence
of peaks in the X-ray powder diffraction diagram at the following angles of
refraction 2Q: 2.85, 8.50, 9.50, 11.78, 13.26, 13.69, and 14.19. 52)
Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 49), 50) or 5 1) , which essentially shows the X-ray powder
diffraction pattern as depicted in Fig. 4. For avoidance of any doubt,
whenever one of the above embodiments, especially one of embodiments 19),
20), 24), 25), 27), 28), 3 1) , 32), 34), 35), 37), 38), 40), 41), 43),
44), 46), 47), 50) and 51), refers to "peaks in the X-ray powder
diffraction diagram at the followingangles of refraction 2Q" , said X-ray
powder diffraction diagram is obtained by using Cu Ka1 radiation (l =
1.5406 A); and it should be understood that the accuracy of the 2Qvalues as
provided herein is in the range of +/- 0.1-0.2. Notably, when specifying an
angle of refraction 2theta (2Q) for a peak in the invention embodiments and
the claims, the 2Qvalue given is to be understood as an interval from said
value minus 0.2 to said value plus 0.2 (2Q+/- 0.2); and preferably from
said value minus 0.1 to said value plus 0.1  (2Q+/- 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-1
H-benzoimidazol-2-yl)-propyl]-methylamino}-
ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl ester denominates isobutyric
acid ( 1 R,2R,4R)-2-(2-{[3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methylamino}-
ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl ester, or isobutyric acid (
1S,2S,4S)-2-(2-{[3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methylamino}-
ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl ester, or mixtures of these two
enantiomers such as for example the racemate. Encompassed in the scope of
the present invention are the crystalline salt forms of COMPOUND, i.e.
isobutyric acid ( 1R* ,2R* ,4R* )-2-(2-{[3-(4,7-dimethoxy-1
H-benzoimidazol-2- yO-propylJ-methyl-aminoJ-ethyO-S-phenyl-bicyclo oct-S-en
-yl ester, described herein; wherein COMPOUND may be in racemic form; in
enantiomerically enriched form of the enantiomer of absolute configuration
( 1 R,2R,4R); in enantiomerically enriched form of the enantiomer of
absolute configuration (1S,2S,4S); or in form of any mixture of these two
enantiomers. Preferred is the enantiomerically enriched form having
negative optical rotation as determined using the method as described
herein. Where the plural form is used for compounds, salts, pharmaceutical
compositions, diseases and the like, this is intended to mean also a single
compound, salt, or the like. 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 least 99 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 especially that at least 90, preferably at least
95, and most preferably at least 99 per cent by weight of the crystals of a
COMPOUND are present in a crystalline form according to the present
invention, especially in a single crystalline form of the present
invention. When defining the presence of peak in e.g. an X-ray powder
diffraction diagram, a common approach is to do this in terms of the S/N
ratio (S = signal, N = noise). According to thisdefinition, when stating
that a peak has to be present in an X-ray powder diffraction diagram, it is
understood that the peak in the X-ray powder diffraction diagram is defined
by having an S/N ratio (S = signal, N = noise) of greater than x (x being a
numerical value greater than 1) , usually greater than 2, especially
greater than 3. In the context with stating that the crystalline form
essentially shows an X-ray powder diffraction pattern as depicted in Fig. 1
to Fig. 11, respectively, the term "essentially" means that at least the
major peaks of the diagram depicted in said figures, i.e. those having a
relative intensity of more than 10%, especially more than 20%, as compared
to the most intense peak in the diagram, have to be present. However, the
person skilled in the art of X-ray powder diffraction will recognize that
relative intensities in X-ray powder diffraction diagrams may be subject to
strong intensity variations due to preferred orientation effects. Unless
used regarding temperatures, the term "about" placed before a numerical
value "X" 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 the particular case of temperatures, the term "about"
placed before a temperature "Y" refers in the current application to an
interval extending from the temperature Y minus 10 0C to Y plus 10 0C, and
preferably to an interval extending from Y minus 5 0C to Y plus 5 0C. Room
temperature means a temperature of about 25 0C. When in the current
application the term n equivalent(s) is used wherein n is a number, it is
meant and within the scope of the current application that n is referring
to about the number n, preferably n is referring to the exact number n. The
crystalline salts, especially the essentially pure crystalline salts, of
COMPOUND according to any one of embodiments 1) to 5 1) can be used as
medicaments, e.g. in the form of pharmaceutical compositions for enteral or
parenteral administration. The production of the pharmaceutical
compositions can be effected in a manner which will be familiar to any
person skilled in the art (see for example Remington, The Science and
Practice of Pharmacy, 21st Edition (2005), Part 5, "Pharmaceutical
Manufacturing" [published by Lippincott Williams & Wilkins]) by bringing
the crystalline forms of the present invention, optionally in combination
with other therapeutically valuable substances, into a galenical
administration form together with suitable, non-toxic, inert,
pharmaceutically acceptable solid or liquid carrier materials and, if
desired, usual pharmaceutical adjuvants. The crystalline salts, especially
the essentially pure crystalline salts, of COMPOUND according to any one of
embodiments 1) to 51) may be used as single component or as mixtures with
other crystalline forms or the amorphous form of COMPOUND.The crystalline
salts, especially the essentially pure crystalline salts, of COMPOUND
according to any one of embodiments 1) to 5 1) are useful in the
preparation of a medicament and/or are suitable  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. The crystalline salts, especially
the essentially pure crystalline salts, of COMPOUND according to any one of
embodiments 1) to 5 1) are further also useful in the preparation of a
medicament and/or are suitable for the following disease groups alone or in
any combination: for the treatment of renal diseases, diabetes and its
complications, hyperaldosteronism, 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; for
the treatment or prophylaxis of hypertension, especially portal
hypertension, hypertension secondary to treatment with erythropoietin and
low renin hypertension;  for use in hypoxic or ischemic diseases, or as
anti ischemic agent for the treatment of e.g. cardiac, renal and cerebral
ischemia and reperfusion (e.g. occurring after cardiopulmonary bypass
surgery), coronary and cerebral vasospasm and the like, therapy for
peripheral vascular diseases (e.g. Raynaud's disease, intermittent
claudication, Takayashus disease), sickle cell disease including initiation
and/or evolution of the pain crisis;  for the treatment or prophylaxis of
disorders related to renal, glomerular and mesangial cell function,
including acute and chronic renal failure, diabetic nephropathy,
hypertension-induced nephropathy, glomerular injury, renal damage related
to age or dialysis, nephrosclerosis, nephrotoxicity related to imaging and
contrast agent and to cyclosporine, renal ischemia, primary vesicoureteral
reflux, or glomerulosclerosis;  for use in therapy for myocardial
infarction, treatment of cardiac hypertrophy, primary and secondary
pulmonary hypertension, therapy for congestive heart failure including
inhibition of fibrosis, inhibition of left ventricular dilatation,
remodelling and dysfunction, or restenosis following angioplasty or
stenting;  for the treatment of endotoxemia or endotoxin shock, or
hemorrhagic shock;  for the treatment of sexual dysfunction in both men
(erectile dysfunction e.g. due to diabetes mellitus, spinal cord injury,
radical prostatectomy, psychogenic etiology and other causes) and women by
improving blood flow to the genitalia, especially corpus cavernosum; 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 mellitus and their complications (e.g.
neuropathy, retinopathy), hyperaldosteronism, bone remodelling, psoriasis,
arthritis, rheumatoid arthritis, osteoarthritis sarcoidosis, or eczematous
dermatitis;  for the treatment of hepatotoxicity and sudden death, early
and advanced liver disease and injury including attendant complication
(e.g. hepatotoxicity, fibrosis, cirrhosis), deleterious consequences of
tumors such as hypertension resulting from hemangiopericytoma, spastic
diseases of the urinary tract and/or bladder, hepatorenal syndrome,
immunological diseases involving vasculitis such as lupus, systemic
sclerosis, mixed cryoglobulinemia, fibrosis associated with renal
dysfunction and hepatotoxicity;  for use in gastrointestinal diseases such
as ulcerative colitis, Crohn's disease, gastric mucosal damage, ulcer
inflammatory bowel disease and ischemic bowel disease, gall bladder or bile
duct-based diseases such as cholangitis, pancratitis, regulation of cell
growth, begning prostatic hypertrophy, or transplantation, or for use as
anti-diarrheal agent;  for the treatment of disorders involving
bronchoconstriction or disorders of chronic or acute inflammation such as
obstructive pulmonary disease and adult distress syndrome;  for the
alleviation of pain including neuropathic pain, peripheral pain and pain
associated with cancer such as pain associated with prostate cancer or
bone-cancer;  for the treatment of central nervous system vascular
disorders such as stroke, transient ischemic attacks, migraine and
subarachnoid hemorrhage, central nervous system behavioural disorders,
treatment of dementia including Alzheimer's dementia, senile dementia and
vascular dementia, epilepsy, or sleep disorders; or  for reduction of
general morbidity and/or mortality as a result of above utilities. The
present invention also relates to a method for the prevention or treatment
of a disease or disorder mentioned herein comprising administering to a
subject a pharmaceutically active amount of a crystalline salt, especially
of an essentially pure crystalline salt, of COMPOUND according to any one
of embodiments 1) to 5 1) . Furthermore, the crystalline salts, especially
the essentially pure crystalline salts, of COMPOUND according to any one of
embodiments 1) to 5 1) may also be used favourably in combination with one
or more agents selected from lipid lowering agents such as statins,
anticoagulants such as coumarins, antithrombotic agents such as
clopidogrel, b-blockers, and other cardioprotective agents.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 and characterization of crystalline salts of COMPOUND according
to any one of embodiments 1) to 51), said processes are described in the
experimental part below. Experimental Part The following Examples
illustrate 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 description above: aq. aqueous ca.
about CC column chromatography on silica gel DCM dichloromethane DIPA
diisopropyl-amine DIPEA diisopropyl-ethylamine, Hnig's base,
ethyl-diisopropylamineDMAP 4-dimethylamino-pyridine DMF dimethylformamide
DSC differential scanning calorimetry eq. equivalent(s) Et2O diethyl ether
EtOAc ethyl acetate EtOH ethanol Fig. figure h hour(s) 1H-NMR hydrogen-1
nuclear magnetic resonance Hept heptane Hex hexane HOBt
1-hydroxybenzotriazole 



MEK 2-butanone MeCN acetonitrile MeOH methanol NEt3 triethylamine Pd/C
palladium on carbon 2-PrOH isopropanol Red-AI
sodium-bis(2-methoxyethoxy)aluminumhydrideRH relative humidity rt room
temperature rpm rotations per minute sat. saturated TBME tert-butyl methyl
ether tert. tertiary THF tetrahydrofuran TsOH para (p)-toluene sulfonic
acid XRPD X-ray powder diffraction X-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 3 window operated with Cu Karadiation in reflection geometry
(Bragg-Brentano). Typically, the X-ray tube was run at 40kV/40mA. A step
size of 0.02 (2Q) and a step time of 37 sec over a scanning range of 2 - 50
in 2theta (2Q) were applied. The divergence slit was set to variable V12 or
V20, dependent on sample holder depth. The powder (about 15 mg for 0.1 mm
depth and about 80 mg for 1 mm depth) was slightly pressed into a silicon
single crystal sample holder with depth of 0.1 mm or 1 mm and samples were
rotated in their own plane during the measurement. Selected samples were
covered with Kapton foil. Diffraction data are reported using Cu Ka1 (l =
1.5406 A), after the Ka2 component has been stripped using the instrument
evaluation software (EVA). In addition, the background signal has been
removed using the instrument evaluation software (EVA), for samples that
were covered by Kapton during data acquisition. The accuracy of the
2Qvalues 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
patterns. Method 2: X-ray powder diffraction patterns were collected on a
Bruker D8 HTS X-ray diffractometer equipped with a GADDS HiStar detector
operated with Cu Ka-radiation in reflection geometry. Typically, the X-ray
tube was run at 40kV/40mA. The instrument is performance checked using a
certified Corundum standard (NIST 1976). Samples run under 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 2Q in 1 frame
with an acquisition time of 180second. Diffraction data are reported
without Ka2 component stripping and the background signal has been removed
using the instrument evaluation software (EVA). Theaccuracy of the 2Qvalues
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 patterns. Melting
points were measured on a Buchi B-540 apparatus and are not corrected; or
were measured, if explicitly stated, by differential scanning calorimetry
(DSC): DSC data were collected on a Perkin Elmer DSC7. Typically 2-3 mg of
sample, previously stored open under dry nitrogen for 16 hours, were heated
in a closed gold pan at 20C min 1 from -20C to 200C. Melting points are
reported as peak temperatures. Optical rotations were measured on a Jasco
P-1030 apparatus at room temperature using the D-line of sodium (l = 589
nm). 1H-NMR were measured on a Bruker Avance 400 (400 MHz); chemical shifts
are given in ppm relative to the solvent used; multiplicities: s = singlet,
d = doublet, t = triplet, q = quartet, p = pentuplet, hex = hexet, sept =
septuplet, m = multiplet, dm = doublet of multiplet, br = broad, coupling
constants are given in Hz). NMR assays were measured using hydroquinone
dimethylether as internal standard. Hvgroscopicity was assessed through
scanned gravimetric vapour sorption measurements on a SPS1 1-100m (Projekt
Messtechnik, UIm, Germany) (scan rate was 5% relative humidity change per
hour, cycle started at 50% relative humidity followed by a scan to dryness
and an upwards scan to 95% relative humidity). Classification was done
according to the European Pharmacopea Technical Guide (1999 edition) (e.g.
slightly hygroscopic: increase in mass is 



less than 2% and equal to or greater than 0.2% mass/mass). The mass change
between 40% relative humidity and 80% relative humidity in the upwards scan
was considered. LC-MS were run using the following conditions: Finnigan
Navigator with HP 1100 Binary Pump and DAD, column: 4.6x50 mm, Zorbax
SB-AQ, 5 mm, 120 A, gradient: 5-95% acetonitrile in water, 1 min, with
0.04% trifluoroacetic acid, flow: 4.5 mL/min, tR is given in min. Compounds
are purified by preparative HPLC (column: X-terra RP18, 50x19 mm, 5 mm,
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 mm, 4% ethanol in hexane, flow 10-20 mL/min).L
Preparation and characterization of COMPOUND The preparation of COMPOUND is
known from WO2008/1 32679: Preparation of intermediates General procedures
for the preparation of key intermediates K: Key intermediates K1A and K2A
which are bicyclo[2.2.2]oct-5-en-2-yl or bicyclo[3.2.2]non-8- en-6-yl
derivatives are obtained as a mixture between the major racemate having the
relative configuration (R* ,R* ,R* ) (i.e. the bridge -(CH2)2- of the
cyclohexene moiety is cis to the group -OR2 being hydroxy) and the minor
racemate having the relative configuration (R* ,S* ,R* ) (i.e. the bridge
-(CH2)2- of the cyclohexene moiety is trans to the group -OR2 being
hydroxy). The major and the minor racemates can be separated as described
for key intermediate K1A in procedure A 1.5. The major racemate is isolated
and used in the preparation of the examples below. K1A: rac-(1
R*,2R*,4R*)-(2-Hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid
tert. -butyl ester K 1A.1 (Procedure A 1. 1 : rac-(1 R* .4R*
VBicvclor2.2.21octane-2.5-dione 25 ml. of 2-(trimethylsilyloxy)-1
,3-cyclohexadiene and 13 ml. of a-acetoxyacrylonitrile were mixed and
heated at 1500C in a closed vessel for 22 h. The obtained dark orange
viscous oil was dissolved in 200 ml. of MeOH. After dropwise addition of a
solution of 2.2 g of sodium methoxide in 150 ml. of MeOH the reaction
mixture was stirred for 3 h at rt, poured into ice/water and extracted with
DCM. The organic phases were concentrated in vacuo and the crude residue
was purified by CC with EtOAc-Hept ( 1:2) to yield 7.9 g of rac-(1 R* ,4R*
)- bicyclo[2.2.2]octane-2,5-dione. LC-MS: tR = 0.44 min. K1A.2 (Procedure A
1.2): rac-(1 R* .4R* VSpirorbicvclor2.2.2loctane-2.2'-ri .3ldioxolanl-5-one
To 4.0 g of rac-(1 R* ,4R* )-bicyclo[2.2.2]octane-2,5-dione (intermediate
K1A.1), dissolved in 120 ml. of toluene, 1.7 ml. of ethylene glycol and
0.27 g of TsOH were added and the solution was heated under vigorous
stirring to reflux for 3.5 h. The reaction mixture was cooled to rt,
quenched with saturated aq. NaHCO3, extracted with Et2O, and the organic
phase was evaporated. The crude product was purified by CC with Hex-EtOAc
(7:3) to yield 2.41 g of rac-(1 R* ,4R*
)-spiro[bicyclo[2.2.2]octane-2,2'-[1 ,3]dioxolan]-5-one as yellow oil.
LC-MS: tR = 0.64 min; [M+H+CH 3CN]+: 224.35.K1A.3 (Procedure A 1.3):
Mixture of rac-(7R * .8R* .10R*V and rac-(7R * .8S* .10R* V7.10-(1.2-
Ethylen)-8-phenyl-1 ,4-dioxa-spiror4.5ldecan-8-ol To a solution of 2.41 g
of rac-(1 R* ,4R* )-spiro[bicyclo[2.2.2]octane-2,2'-[1 ,3]dioxolan]-5-one
(intermediate K1A.2) in 80 ml. Et2O, 14.5 ml. phenylmagnesium bromide
solution (1M in Et2O) was added dropwise over 10 min. The reaction mixture
was stirred for 4 h at rt. Then, the mixture 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 was purified by CC with
Hept-EtOAC (7:3) to give 0.37 g of 7,10-(1,2-ethylen)-8-phenyl-1
,4-dioxaspiro[ 4.5]decan-8-ol as colorless oil. (Separation of the
diastereomers by CC is possible but was not performed here.) LC-MS: tR =
0.84 min; [M-H2O+H]+: 243.34. K1A.4 (Procedure A 1.4): rac-(1 R* ,4R*
)-5-Phenyl-bicvclor2.2.2loct-5-en-2-one To a solution of 0.54 g of
7,10-(1,2-ethylen)-8-phenyl-1,4-dioxa-spiro[4.5]decan-8-ol (intermediate
K1A.3) in 20 ml. acetone was added 200 mg of TsOH and then the mixture was
stirred for 2 d at rt. The reaction mixture was quenched with sat. aq.
NaHCO3, extracted with EtOAC and the organic phase was evaporated. The
crude product was purified by CC with Hept-EtOAC (7:3) to give 0.34 g of
rac-(1 R* ,4R* )-5-phenyl-bicyclo[2.2.2]oct-5-en-2-one as colorless oil. 



LC-MS: tR = 0.93 min; [M+H+CH 3CN]+: 240.1 1. K1A.5 (Procedure A 1.5):
rac-(1 R* .2R* .4R* H2-Hvdroxy-5-phenyl-bicvclor2.2.2loct-5-en-2-vnacetic
acid tert.-butyl ester and rac-(1 R* ,2S* ,4R*
H2-hvdroxy-5-phenyl-bicvclor2.2.2loct-5-en- 2-yl)-acetic acid tert.-butyl
ester To a solution of 0.51 mL of DIPA in 0.5 mL THF 2.2 mL of
n-butyllithium ( 1.6M in Hex) were added dropwise at -20 0C. After 10 min,
0.5 mL of toluene were added and the solution was stirred for 30 min. The
mixture was cooled to -50 0C, 0.73 mL of tert.-butyl acetate were added and
stirring was continued for 1 h at -50 0C. Then 0.32 g of rac-(1 R* ,4R*
)-5-phenylbicyclo[ 2.2.2]oct-5-en-2-one (intermediate K1A.4) dissolved in 1
mL of THF was added and the solution was stirred at -50 to -20 0C over 2.5
h. The reaction mixture was poured on ice/aq. HCI, the organic phase was
separated, washed and evaporated. The crude reaction product was purified
by CC with Hept-EtOAc (9:1 ) to yield 0.30 g of the major racemate, rac- (
1R* ,2R* ,4R* )-2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid
tert.-butyl ester, as white solid and 0.07 g of the minor racemate, rac-(1
R* ,2S* ,4R* )-2-hydroxy-5-phenylbicyclo[ 2.2.2]oct-5-en-2-yl)-acetic acid
tert.-butyl ester, as colorless oil. LC-MS (major racemate): tR = 1.06 min;
[M-(CH 3)3-H2O+H]+: 241 . 1 1. LC-MS (minor racemate): tR = 1.05 min; [M+H]
+: 315.18.K1A.6:
(1S.2S.4SV(2-Hvdroxy-5-Dhenyl-bicvclor2.2.2loct-5-en-2-vn-acetic acid
tert.-butyl ester and ( 1
R,2R,4R)-(2-Hvdroxy-5-phenyl-bicvclor2.2.2loct-5-en-2-yl)-acetic acid
tert.-butyl ester rac-(1 R* ,2R* ,4R*
)-(2-Hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid tert.-butyl
ester was separated into the respective enantiomers using prep chiral HPLC
(column: Daicel ChiralPak AD-H, 20x250 mm, 5 mm; Hex/ EtOH 95:5, flow 16
mL/min) Chiral analytic HPLC (Daicel ChiralPak AD-H, 4.6x250 mm, 5 mm; Hex/
EtOH 95:5, flow 0.8 mL/min): ( 1
R,2R,4R)-(2-Hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid
tert.-butyl ester: Enantiomer A: tR = 6.70 min.
(1S,2S,4S)-(2-Hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid
tert.-butyl ester: Enantiomer B: tR = 7.93 min. BB.
[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-amine BB.1
3,6-Dimethoxy-benzene-1 ,2-diamine 3,6-Dimethoxy-benzene-1 ,2-diamine was
synthesized by dissolving 6.0 g of 1,4-dimethoxy- 2,3-dinitro-benzene
(Eur.J.Org.Chem. 2006, 2786-2794) in 220 mL EtOH, evacuating 3 times with
N2 and adding 600 mg of 10wt% Pd/C. The reaction was stirred under a H2
atmosphere (balloon). Another 300 mg of 10wt% Pd/C were added after 2 days
and the mixture was stirred for another 24 h. Filtration over a pad of
celite and washing with EtOH and EtOAc yielded after concentration in vacuo
4.3 g of 3,6-dimethoxy-benzene-1 ,2-diamine as black solid. LC-MS: tR =
0.48 min; [M+H]+: 169.09. BB.2
r3-(2-Amino-3,6-dimethoxy-phenylcarbamoyl)-propyll-methyl-carbamic acid
benzyl ester To a solution of 3.1 g of
4-(benzyloxycarbonyl-methyl-amino)-butyric acid in 80 mL DCM were added 6.5
mL of DIPEA, 1.8 g of HOBt, 2.6 g of EDC and 154 mg of DMAP. After stirring
for 10 min, 2.1 g of 3,6-dimethoxy-benzene-1 ,2-diamine, dissolved in 20 mL
DCM, were added and the mixture was stirred at rt overnight. The reaction
was quenched with sat. aq. NaHCO3, the phases were separated and the
organic phase was washed with brine, dried over MgSO4 and concentrated in
vacuo to yield the crude title compound as black oil. LC-MS: tR = 0.88 min;
[M+H]+: 402.06. BB.3 [3-(4,7-Dimethoxy-1
H-benzoimidazol-2-yl)-propyl1-methyl-carbamic acid benzyl ester To a
mixture of the above crude
3-(2-amino-3,6-dimethoxy-phenylcarbamoyl)-propyl]-methylcarbamic acid
benzyl ester in 16 mL toluene were added 4 mL of DMF and 1.9 g of TsOHand
the reaction was heated to 1500C for 2 h in the microwave. Sat. aq. NaHCO3
was added and the phases were separated. The organic phase was washed with
brine, dried over MgSO4, concentrated in vacuo, filtered over a short pad
of silica gel with EtOAc and concentrated again. Purification by CC with
EtOAc yielded 2.7 g of 3-(4,7-dimethoxy-1 Hbenzoimidazol-
2-yl)-propyl]-methyl-carbamic acid benzyl ester as brown resin. LC-MS: tR =
0.85 min; [M+H]+: 384.62. BB.4 r3-(4,7-Dimethoxy-1
H-benzoimidazol-2-yl)-propyll-methyl-amine A solution of 2.6 g of
3-(4,7-dimethoxy-1 H-benzoimidazol-2-yl)-propyl]-methyl-carbamic acid
benzyl ester in 60 ml. EtOH was evacuated 3 times with N2 before 260 mg of
10 wt% Pd/C 



were added. The reaction mixture was then stirred under a H2 atmosphere
(balloon) for 5 h at rt. Filtration over a pad of celite and washing with
EtOH yielded after concentration in vacuo 1.7 g of 3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methyl-amine as brown foam. LC-MS: tR = 0.57
min; [M+H]+: 250.13. Preparation of COMPOUND Reference Example 1A:
rac-lsobutyric acid (1R*,2R*,4R*)-2-(2-{[3-(4,7-dimethoxy-1Hbenzoimidazol-
2-yl)-propyl]-methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl
ester 1. 1 (Procedure P 1.1 rac-(1 R* .2R* .4R*
H2-Hvdroxy-5-phenyl-bicvclor2.2.2loct-5-en-2-vnacetic acid To a solution of
4.0 g of rac-(1 R* ,2R* ,4R*
)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)- acetic acid tert.-butyl
ester in 25 mL EtOH were added 2.1 g of LiOH-H2O, 8 mL H2O and 22 mL MeOH.
The reaction mixture was stirred at rt for 3 d and then concentrated. The
residue was partitioned between water and Et2O. The aq. layer was separated
and acidified with 1N HCI resulting in the formation of a white solid. The
solid was filtrated, washed with 5 mL aq. HCI and dried in vacuo to obtain
3.2 g of rac-(1 R* ,2R*,4R* )-(2-hydroxy-5-phenylbicyclo[
2.2.2]oct-5-en-2-yl)-acetic acid as white solid. LC-MS: tR = 0.86 min;
[M-H2O+H]+: 241 .28. 1.2 (Procedure P 1.2): rac-(1 R* ,2R* ,4R*
)-N-r3-(4,7-Dimethoxy-1 H-benzoimidazol-2-yl)-
propyl1-2-(2-hvdroxy-5-phenyl-bicvclo[2.2.21oct-5-en-2-yl)-N-methyl-acetami
de To a solution of 280 mg of rac-(1 R* ,2R* ,4R*
)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2- yl)-acetic acid in 7 mL THF
were added 0.58 mL of DIPEA, 175 mg of HOBt and 250 mg of EDC at rt. After
stirring for 10 min, 270 mg of 3-(4,7-dimethoxy-1 H-benzoimidazol-2-yl)-
propyl]-methyl-amine were added and the reaction mixture was stirred at rt
overnight. Thereaction mixture was quenched with sat. aq. NaHCO3, the
phases were separated and the organic phase was washed with water and
brine, dried over MgSO and concentrated in vacuo. Purification by CC using
EtOAc-MeOH (5:1 to 2:1 ) yielded 475 mg of rac- ( 1R* ,2R* ,4R*
)-N-[3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-2-(2-hydroxy-5-phenylbicyclo[
2.2.2]oct-5-en-2-yl)-N-methyl-acetamide as white foam. LC-MS: tR = 0.91
min; [M+H]+: 490.06. 1.3 (Procedure P 1 .3): rac-(1 R*.2R*.4R*
V2-(2-fr3-(4.7-Dimethoxy-1 H-benzoimidazol-2-ylV
propyll-methyl-amino}-ethyl)-5-phenyl-bicvclor2.2.21oct-5-en-2-ol To a
solution of 310 mg of rac-(1 R* ,2R*,4R* )-N-[3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-
propyl]-2-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-N-methyl-acetami
de in 8 mL toluene were added dropwise 0.77 ml. of a Red-AI solution (65%
in toluene) at 00C. After stirring for 10 min at 00C, the cooling bath was
removed and stirring was continued for 3 h at rt. The reaction mixture was
then carefully poured onto a mixture of 1M NaOH/ice and stirred for 10 min.
The aq. phase was extracted with toluene, the combined organic phases were
washed with brine, dried over MgSO and concentrated in vacuo. Purification
by CC using EtOAc-MeOH (2:1 ) yielded 230 mg of rac-(1 R* ,2R* ,4R*
)-2-(2-{[3-(4,7-dimethoxy-1 Hbenzoimidazol^-
y^-propyll-methyl-aminoj-ethy^- -phenyl-bicyclop^^loct- -en^-ol as white
foam. LC-MS: tR = 0.79 min; [M+H]+: 476.13. 1.4: rac-lsobutyric acid ( 1R*
.2R* .4R* ')-2-(2-fr3-(4.7-dimethoxy-1 H-benzoimidazol-2-vnpropyll-
methyl-amino}-ethyl)-5-phenyl-bicvclor2.2.21oct-5-en-2-yl ester To a
solution of 199 mg of rac-(1 R* ,2R*,4R* )-2-(2-{[3-(4,7-dimethoxy-1
H-benzoimidazol-2- yO-propyO-methyl-aminoJ-ethy^- -phenyl-bicycloP^^loct-
-en^-ol in 4 mL DCM were added 0.2 mL of NEt3 and 0.1 mL of
isobutyrylchloride at 0C. The reaction mixture was stirred overnight
allowing the temperature to reach slowly rt. The reaction was quenched with
sat. aq. NaHCO3, the phases were separated and the water phase was
re-extracted with DCM. The combined organic phases were washed with brine,
dried over MgSO4 and concentrated in vacuo. The residue was redissolved in
3 mL EtOAc, silica gel and 1.5 mL MeOH were added and the mixture was
stirred vigorously for 7 d. The mixture was filtered, thouroughly washed
with EtOAc-MeOH (2:1) and evaporated. Purification by CC using EtOAc-MeOH
(5:1 to 3:1 + 0.1% NEt3) yielded 186 mg of rac-isobutyric acid ( 1R* ,2R*
,4R* )-2- (2-{[3-(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-5-phenylbicyclo[
2.2.2]oct-5-en-2-yl ester as beige foam. LC-MS: tR = 0.90 min; [M+H]+:
546.23.Reference Example 2A: lsobutyric acid
(1S,2S,4S)-2-(2-{[3-(4,7-dimethoxy-1Hbenzoimidazol-
2-yl)-propyl]-methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl 



ester 2.1 :
(1S.2S.4SV(2-Hvdroxy-5-Dhenyl-bicvclor2.2.2loct-5-en-2-vn-acetic acid
Prepared according to procedure P 1. 1 in Reference Example 1A using
enantiomer B of rac- ( 1R* ,2R* ,4R*
)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid tert.-butyl
ester (see K1A.6). LC-MS: tR = 0.91 min; [M-H2CHH]+: 241 .10. 2.2:
(1S.2S.4SV2-(2-fr3-(4.7-Dimethoxy-1
H-benzoimidazol-2-ylVDroDyll-methyl-amino>-
ethyl)-5-phenyl-bicvclor2.2.21oct-5-en-2-ol Prepared according to
procedures P 1.2 to P 1 .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+H]+: 476.09. 2.3: Isobutyric acid
(1S,2S,4S)-2-(2-{[3-(4J-dimethoxy-1 H-benzoimidazol-2-yl)-propyl1-
methyl-amino}-ethyl)-5-phenyl-bicvclor2.2.21oct-5-en-2-yl ester Prepared
according to procedure P 1 .4 in Reference Example 1A using the above
2-(2-{[3- (4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-5-phenylbicyclo[
2.2.2]oct-5-en-2-ol. LC-MS: tR = 0.89 min; [M+H]+: 546.19. Reference
Example 3A: lsobutyric acid
(1R,2R,4R)-2-(2-{[3-(4,7-dimethoxy-1Hbenzoimidazol-
2-yl)-propyl]-methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl
ester 3.1 : ( 1
R.2R.4RH2-Hvdroxy-5-phenyl-bicvclor2.2.21oct-5-en-2-vn-acetic acid Prepared
according to procedure P 1. 1 in Reference Example 1 using enantiomer A of
rac- ( 1R* ,2R* ,4R*
)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid tert.-butyl
ester (see K1A.6). LC-MS: tR = 0.91 min; [M-H2CHH]+: 241 .16. 3.2: ( 1
R,2R,4R)-2-(2-{[3-(4,7-Dimethoxy-1
H-benzoimidazol-2-yl)-propyl1-methyl-amino}- ethvD-d-phenyl-bicvclo^^^loct-
d-en^-ol Prepared according to procedures P 1.2 to P 1 .3 in Reference
Example 1 using the above (2-
hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid. LC-MS: tR = 0.79
min; [M+H]+: 476.09.3.3: Isobutyric acid ( 1
R.2R.4RV2-(2-{r3-(4.7-dimethoxy-1 H-benzoimidazol-2-ylVpropyllmethyl-
amino}-ethyl)-5-phenyl-bicvclor2.2.21oct-5-en-2-yl ester Prepared according
to procedure P 1 .4 in Reference Example 1A using the above 2-(2-{[3-
(4,7-dimethoxy-1
H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-5-phenylbicyclo[
2.2.2]oct-5-en-2-ol. LC-MS: tR = 0.89 min; [M+H] +: 546.1 1. Optical
rotation: alpha D (c = 10 mg/mL EtOH) = -21 .5. 1H NMR (MeOD, 400 MHz) d
7.39-7.37 (m, 2H), 7.30 (t, J = 6.4 Hz, 2H), 7.24-7.20 (m, 1H), 6.60 (s, 2
H), 6.43 (br d, J = 7.6 Hz, 1H), 3.91 (s, 6H), 3.27-3.23 (m, 1H), 3.18-3.15
(m, 1H), 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 The L channel antagonistic
activity (IC50 values) of Reference Examples 1A, 2A, and 3A is determined
in accordance with the following experimental method. Human embryonic
kidney (HEK293) cells expressing the human CaJ .2 channel in addition to
the auxiliary subunits b-2a and a2d-1, are grown in culture medium (DMEM
containing 10% heat-inactivated fetal calf serum (FCS), 100 U/ml
penicillin, 100 mg/ml streptomycin, 100mg/ml G418, 40mg/ml zeocin and
100mg/ml hygromycin). The cells are seeded at 20.000 cells/well into
384-well black clear bottom sterile plates (poly-L-lysine-coated, Becton
Dickinson). The seeded plates are incubated overnight at 37C in 5% CO2. 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 3, adjusted to pH 7.4 with
NaOH) for use in the assay at a final concentration of 20 mM. Antagonists
are prepared as 10 mM stock solutions in DMSO, then diluted in 384w plates
first in DMSO, then in assay buffer to obtain 3x stocks. On the day of the
assay, 25 ml of staining buffer (HBSS containing 20 mM HEPES, 0.375g/l
NaHCO 3, and 3 mM of the fluorescent calcium indicator fluo-4 AM ( 1 mM
stock solution in DMSO, containing 10% pluronic) is added to each well of
the seeded plate. The 384-well cell-plates 



are incubated for 60 min at 37 C in 5% CO2 followed by washing with 2 x
50ml per well using assay buffer leaving 50 ml/well of this buffer for
equilibration at room temperature (30-60 min). Within the Fluorescent
Imaging Plate Reader (FLIPR, Molecular Devices), antagonists are added to
the plate in a volume of 25 ml/well, incubated for 3 min and finally 25
ml/well of KCI solution is added for cellular depolarization. Fluorescence
is measured for each well at 2second intervals for 8 minutes, and the area
under the curve of each fluorescence peak is compared to the area of the
fluorescence peak induced by 20 mM KCI with vehicle in place of antagonist.
For each antagonist, the IC50 value (the concentration (in nM) of compound
needed to inhibit 50 % of the KCI-induced fluorescence response) up to 10mM
is determined. IC50 values of reference example compounds 1A, 2A, and 3A
have been measured and are in the range of 156 to 439 nM. In vitro assay T
channel: The T channel antagonistic activity (IC50 values) of Reference
Examples 1A, 2A, and 3A is determined in accordance with the following
experimental method and data are shown in Table 1. Human embryonic kidney
(HEK293) cells expressing the human Cav3.1 Cav3.2 or Cav3.3 channel,
respectively, are grown in culture medium (DMEM containing 10%
heat-inactivated fetal calf serum (FCS), 100 U/ml penicillin, 100 mg/ml
streptomycin and 1 mg/ml G418). The cells are seeded at 20.000 cells/well
into 384-well black clear bottom sterile plates (poly-Llysine- coated,
Becton Dickinson). The seeded plates are incubated overnight at 37C in 5%
CO2. The Ca2+ solution is prepared as 100 mM stock solution in 100 mM
tetraethylammoniumchloride (TEA-chloride), 50 mM HEPES, 2.5 mM CaCI 2, 5 mM
KCI, 1 mM MgCI 2, 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 diluted in 384w plates first in DMSO, then in
100 mM TEA-chloride, 50 mM HEPES, 2.5 mM CaCI2, 5 mM KCI, 1 mM MgCI 2,
adjusted to pH 7.2 with TEA-hydroxide, to obtain 9x stocks. On the day of
the assay, 25 ml of staining buffer (HBSS containing 20 mM HEPES, 0.375g/l
NaHCO 3 and 3 mM of the fluorescent calcium indicator fluo-4 AM ( 1 mM
stock solution in DMSO, containing 10% pluronic) is added to each well of
the seeded plate. The 384-well cell-plates are incubated for 60 min at 37 C
in 5% CO2 followed by washing with 2 x 50ml per well using HBSS containing
0.1% BSA, 20 mM HEPES, 0.375g/l NaHCO 3, leaving 50 ml/well of this buffer
for equilibration at room temperature (30-60 min). Within the Fluorescent
Imaging Plate Reader (FLIPR, Molecular Devices), antagonists are added to
the plate in a volume of 6.25 ml/well, incubated for 3 min, and finally
6.25 ml/well of Ca2+ solution is added. Fluorescence is measured for each
well at 2 second intervals for 8 minutes, and the area under the curve of
each fluorescence peak is compared to the area of the fluorescence peak
induced by 10 mM Ca2+ with vehicle in place of antagonist. For each
antagonist, the IC50 value (the concentration (in nM) of compound needed to
inhibit 50 % of the Ca2+-induced fluorescence response) up to 10mM is
determined.Table 1: Effect on Isolated Hearts according to the Langendorff
method (Lgdff) The Reference Examples 1A, 2A, and 3A were tested for their
potential to reduce blood pressure and their effect on the contractility of
the heart muscle. EC50 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, Homer H, Brachfeld N., A model of graded
ischemia in the isolated perfused rat heart, J. Appl. Physiol. 1976 Jun,
40(6), 1004-8). The compound of reference example 1A has been measured
using the procedure described above for the Langendorff experiment with an
EC50 of 5 nM. II. Preparation of salt forms of COMPOUND II.a) General
procedure for salt formation with COMPOUND: 1 eq. of COMPOUND was dissolved
in SOLVENT1 . The solution was brought to 500C. 2 Equivalents of acid
dissolved in SOLVENT2 was added. The mixture was stirred at 500C for 5 min
and the heating source was turned off. The mixture was allowed to cool to
rt within 1 hour. If a precipitate was observed the mixture was filtered
and the solid was isolated. In case that no solid was obtained the mixture
was evaporated to dryness and 6 volumes of heptane were added. The mixture
was heated to reflux, 3 volumes of EtOAc were added until all dissolved. In
case that dissolution was not complete further 3 volumes EtOAc were added.
If dissolution was still not complete, as less as possible MeOH was added
until complete dissolution. The mixture was allowed to cool slowly to rt.
At rt the vessel was scratched with 



a spatula and was further cooled to 0C. 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.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 acid, malic acid, glycolic acid, ketoglutaric acid, and
fumaric acid; SOLVENT1 = 1.8 volumes EtOAc for: hydrobromic acid, and
hydrochloric acid; SOLVENT1 = 8 volumes acetone for: sulfuric acid, and
phosphoric acid; SOLVENT1 = 7 volumes acetone for: citric acid, succinic
acid, and tartaric acid. SOLVENT2 = 7 volumes EtOAc for: citric acid;
SOLVENT2 = 3 volumes EtOAc for: benzensulfonic acid, benzoic acid,
methanesulfonic acid, salicylic acid, and saccharin (partially soluble);
SOLVENT2 = 3 volumes MeOH for: para-toluenesulfonic acid, malonic acid,
naphthalene-2- sulfonic acid, naphthalene-1,5-disulfonic acid, malic acid,
glycolic acid, ketoglutaric acid, and fumaric acid; SOLVENT2 = 15 volumes
acetone for: succinic acid; SOLVENT2 = 12 volumes EtOH for: tartaric acid;
SOLVENT2 = water for: hydrobromic acid, hydrochloric acid, sulfuric acid,
and phosphoric acid. Results obtained using the general procedure described
above are summarized in Tables 1 and 2. In case particular procedures have
been used to prepare crystalline salt forms of COMPOUND, such procedures
are described in Reference Example S 1 and the Examples S2 to S7
below.Table 1: Characterisation data for crystalline salt forms of COMPOUND
gained according to the general procedureINSERT FOR AN ATTACK TOOL, METHOD
FOR MAKING SAME AND TOOLS INCORPORATING SAME FIELD The invention relates to
super-hard capped inserts for use in attack tools and cutters, a method for
making same and tools incorporating same, particulalrly tools such as
picks, percussive drilling bits and rotary drilling bits, as may be used in
the mining, tunnelling, road construction and oil and gas drilling
industries to process or degrade pavements or rock formations, or to bore
into the earth. BACKGROUND Boring into the earth is an important activity
in many industries, such as mining, oil and gas drilling, prospecting and
tunnel construction. A wide variety of methods and various different types
of bits are available for this purpose. Earth boring typically requires
rock to be broken in either or both of two principal modes, namely shear
cutting or crushing, both of which methods are effected by means of
rock-engaging hard inserts of some kind that aremounted onto drill bit.
Shear cutting involves inserts removing rock material by cutting into it
and shearing off material. Crushing involves inserts repeatedly impacting
on the rock and crushing it. Percussion drilling is an example of the
latter and is widely used in mining and construction, to drill bore holes
and blast holes, for example. . In soft rock mining and pavement
degradation, pick-like attack tools or picks may be used to break rock,
concrete or asphalt. Polycrystalline diamond (PCD) is a super-hard material
comprising a mass of inter-grown diamond grains and interstices between the
diamond grains. PCD is typically made by subjecting an aggregated mass of
diamond grains to an ultra-high pressure and temperature. Material wholly
or partly filling the interstices may be referred to as filler or binder
material. PCD is typically formed in the presence of a sintering aid such
as cobalt, which promotes the inter-growth of diamond grains. The sintering
aid is commonly referred to as a solvent / catalyst material for diamond,
owing to its function of dissolving diamond to some extent and catalysing
its re-precipitation. Consequently the interstices within the sintered PCD
product are wholly or partially filled with residual solvent / catalyst
material. Most typically, PCD is often formed on a cobalt-cemented tungsten
carbide substrate, which provides a source of cobalt solvent / catalyst for
the PCD. PCD is used in a wide variety of tools 



for cutting, machining, drilling or degrading hard or abrasive materials
such as rock, metal, ceramics, composites and wood-containing materials.
For example, PCD inserts are widely used within drill bits used for boring
into the earth in the oil and gas drilling industry. Delwiche et al.
(Petroleum Division, v 40, and Drilling Technology 1992, 1992, p 51-60,
American Society of Mechanical Engineers) disclose PCD inserts for oil and
gas drilling, wherein a PCD layer is secured to a substrate comprising a
diamond-impregnated, or "impreg", back-up component. It is apparent from
the diagrams and photographs that the diamond grains are coarse and
sparsely distributed.European patent number 0 235 455 discloses an insert
for a rock bit comprising a pre-cemented tungsten carbide body having a
cylindrical grip length extending along a major portion of the insert. The
reference teaches a progressive decrease in the modulus of elasticity
through transition layers from an outer ultra-hard diamond layer to the
carbide body, in order to reduce spalling. United States patent number 4,81
1,801 discloses a rock bit insert including a polycrystalline diamond
surface on an insert body having a head portion made from a material with
elasticity and thermal expansion properties advantageously tailored for use
in three types of rock bits, as well as the three types of rock bits made
with such inserts. United States patent number 5,304,342 discusses that for
a given application, it is desirable to provide the stiffest possible WC-Co
cemented carbide substrate, that is, one with a high modulus of elasticity,
thereby minimizing the deflection of the PCD layers and reducing the
likelihood of PCD failure. However, if the modulus of elasticity is too
high, the inserts are prone to break off during drilling. United States
patent number 6,258,139 discloses a PDC (polycrystalline diamond compact)
with an internal diamond core in the substrate, to provide additional
diamond for exposure when the substrate is sufficiently eroded. Also
disclosed is a PDC with an internal carbide core, which is entirely
enclosed by the diamond region of the PDC cutter, to avoid high tensile
stresses in the diamond region. There is a need to minimise the thickness
of super-hard material in attack tool inserts and consequently their costs
while achieving high impact resistance. This is especially important for
rock or pavement degradation or drilling applications.SUMMARY According to
a first aspect of the invention there is provided an insert for an attack
tool, the insert comprising a super-hard cap having a volume and bonded to
a substrate at an interface, the super-hard cap having an average Young's
modulus of greater than 900 GPa and preferably greater than 960 GPa; the
substrate characterised in that it comprises a reinforcing bolster portion
as a means for stiffening a region of the substrate proximate the
interface, the reinforcing bolster portion having an aggregate volume that
is greater than that of the super-hard cap and an average Young's modulus
at least 60% that of the super-hard cap. The reinforcing bolster portion
may be disposed adjacent (proximate) the interface. In some embodiments,
the reinforcing bolster portion may have an aggregate volume that is at
least a factor of three times greater, preferably five times greater, and
more preferably ten times greater than that of the super-hard cap. In some
embodiments, the reinforcing bolster portion may have an average Young's
modulus of at least 60% that of the super-hard cap, more preferably 70%,
yet even more preferably 80% and yet more preferably 90%. In one
embodiment, the average Young's modulus of the reinforcing bolster portion
is in the range of about 60% to 80% that of the super-hard cap. In one
embodiment, the reinforcing bolster portion may comprise super-hard
material, typically in granular or particulate form. Preferably, the
reinforcing 



bolster portion comprises diamond or cBN, and more preferably it comprises
diamond. In one embodiment, the reinforcing bolster portion may comprise
PCD. In one embodiment, the reinforcing bolster portion may comprise
tungsten carbide, or it may comprise tungsten carbide and
diamond.Preferably, the reinforcing bolster portion comprises grains of a
super-hard material dispersed within a binder metal, such as cobalt.
Preferably, the average size of the super-hard grains is at least about 15
microns, more preferably at least about 20 microns, more preferably at
least about 70 microns, even more preferably at least about 150 microns,
and yet more preferably at least about 200 microns. Use of coarser
super-hard grains may have the effect of increasing the stiffness of the
reinforcing bolster portion, all else being equal. The size range of the
super-hard grains included in the bolster portion may be large. For
example, the size range of the super-hard grains may be from about 1 micron
to about 500 microns. The size range of the super-hard grains included in
the bolster portion may be formed of more than one size distribution, and
more than one "modal" peak may be evident within the overall size
distribution of the super-hard grains. At least one of the modes may have
an average size distribution of greater than about 50 microns. The size
distribution of unbonded or free-flowing diamond grains is measured by
means of a laser diffraction method, wherein the grains are suspended in a
fluid medium and an optical diffraction pattern is obtained by directing a
laser beam at the suspension. The diffraction pattern is interpreted by
computer software and the size distribution is expressed in terms of
equivalent circle diameter. In effect, the grains are treated as being
spherical and the size distribution is expressed in terms of a distribution
of equivalent diameters of spheres. A Mastersizer(tm) apparatus from
Malvern Instruments Ltd, United Kingdom, may be used for his purpose. A
multi-modal size distribution of a mass of grains is understood to mean
that the grains have a size distribution that is formed of more than one
peak, each peak corresponding to a respective "mode". Multimodal
polycrystalline bodies are typically made by providing more than one source
of a plurality of grains, each source comprising grains having a
substantially different mean size, and blending together the grains from
the sources. Measurement of the sizedistribution of the blended grains
typically reveals distinct peaks corresponding to distinct modes. When the
grains are sintered together to form the polycrystalline body, their size
distribution is further altered as the grains are compacted against one
another and fractured, resulting in the overall decrease in the sizes of
the grains. Nevertheless, the multimodality of the grains is usually still
clearly evident from image analysis of the sintered article. In order to
obtain a measure of the sizes of diamond grains within PCD, a method known
as "equivalent circle diameter" is used. In this method, a scanning
electron micrograph (SEM) image of a polished surface of the PCD material
is used. The magnification and contrast should be sufficient for at least
several hundred diamond grains to be identified within the image. The
diamond grains can be distinguished from metallic phases in the image a
circle equivalent in size for each individual diamond grain can be
determined by means of conventional image analysis software. The collected
distribution of these circles is then evaluated statistically. Wherever
diamond mean grain size within PCD material is referred to herein, it is
understood that this refers to the mean equivalent circle diameter. In one
embodiment of this aspect to the invention, the super-hard cap may be
bonded to the reinforcing bolster portion at a first interface, the
substrate comprising a reinforcing bolster portion at one end and support
portion at an opposing end, the reinforcing bolster portion being bonded to
the support portion at a second interface. Preferably the first interface
is non-planar. Preferably the second interface is substantially planar.
Where a support portion is present, the assembly of the support portion and
the reinforcing 



bolster portion is referred to as the substrate portion of the insert.
Where there is no support portion, the substrate may consist of the
reinforcing bolster portion alone. In one embodiment, the reinforcing
bolster portion comprises metal or metal alloy-cemented metal carbide and
diamond in granular or particulate form, whereas the support portion of, if
present, is substantially devoid of diamond.In other words, the bolster
comprises diamond-enhanced carbide (DEC) material. Preferably the diamond
grains are dispersed substantially homogeneously throughout the reinforcing
bolster portion. The diamond grains within the reinforcing bolster portion
may have an average size of at least 200 microns. In one embodiment, the
reinforcing bolster portion may be in the form of a frustum or a core that
is fully or partially embedded within the substrate. Preferably the
super-hard cap, reinforcing bolster portion and the rest of the substrate
(i.e. the support portion) are integrally formed and bonded at conditions
under which diamond is thermodynamicaily stable. Preferably the average
Young's modulus of the super-hard cap is greater than 1000 GPa. Preferably,
the super-hard cap comprises polycrystalline diamond (PCD). In one
embodiment, the super-hard cap comprises PCD, at least one portion of which
may be substantially free of solvent / catalyst material for diamond.
Preferably the at least one portion is adjacent a working surface of the
superhard cap and remote from the interface with the substrate. In one
embodiment, the at least one region may be porous. In certain applications,
such as earth boring or rock drilling, such embodiments may improve the
thermal stability and the performance of the insert. In some embodiments,
the Young's modulus of the reinforcing bolster portion is at least about
650 GPa or at least about 675 GPa. In some embodiments, the Young's modulus
of the reinforcing bolster portion is at most about 900 GPa or at most
about 850 GPa. In some embodiments, the Young's modulus of the reinforcing
bolster portion is in the range from about 650 GPa to about 900 GPa, or in
the range from about 675 GPa to about 850 GPa.In embodiments where the
super-hard cap has average Young's modulus of greater than about 1,000 GPa,
it may be beneficial for the reinforcing bolster portion to comprise a
super-hard material of another type, grade and Young's modulus, such as PCD
or PCBN,. Preferably the reinforcing bolster portion comprises refractory
metal carbide grains, the metal being selected from W, Ti, Ta, Nb, Mo, Cr,
Hf, Zr, and Si more preferably the metal being selected from W, Si or Ti,
the grains being held together by means of a binder metal or alloy, which
preferably comprises Co. Preferably the reinforcing bolster portion
comprises an iron group metal selected from Co, Fe, Mn and Ni, more
preferably Co. When the super-hard cap comprises diamond, most preferably a
portion of the reinforcing bolster portion proximate the first interface
with the cap comprises Co. Preferably both the reinforcing bolster portion
and the support portion comprise metal carbide grains, the metal being
selected from W, Ti, Ta, Nb, Mo, Cr, Hf, Zr, Si more preferably the metal
being selected from W, Si or Ti, the grains being held together by means of
a binder metal or alloy, which preferably comprises Co. The reinforcing
bolster portion may comprise more than one type of carbide. Preferably the
average mass percentage of Co within the reinforcing bolster portion is
lower than that within the support portion. In some embodiments the bolster
portion may be substantially devoid of diamond or it may contain diamond
and the cobalt content may be at most 10 wt%, at most 8 wt%, or even at
most 6wt%. In some embodiments the cobalt content in a cemented carbide
bolster portion may be at least 3wt% or at least 4wt%. Preferably the
reinforcing bolster portion comprises refractory metal carbide grains, the
metal being selected from W, Ti, Ta, Nb, Mo, Cr, Hf, Zr, and Si 



more preferably the metal being selected from W, Si and Ti, and a
super-hardmaterial, preferably diamond, typically in particulate or
granular form, the grains being held together by means of a binder metal or
alloy, which preferably comprises Co. The reinforcing bolster portion may
comprise more than one type of carbide. In some embodiments the reinforcing
bolster portion may comprise one or more than one different types of
materials or composites. More specifically, it may comprise more than one
layer of different types of materials or composites, the interfaces between
the layers being sharp or diffuse, and typically having a portion that may
be generally conformal with the interface between the reinforcing bolster
portion and the super-hard tip or cap. In one embodiment, the reinforcing
bolster portion is more abrasion resistant than the support portion of the
substrate and has an exposed surface, which may function as a wear
resistant surface which reduces the rate of wear of the insert. In one
embodiment, the reinforcing bolster portion extends throughout
substantially the whole volume of the substrate. In some embodiments, the
reinforcing bolster portion may comprise one or more than one different
type of material or composite and there may be a distinct interface between
the reinforcing bolster portion and the support portion, or it may be
indiscernible, graded or diffuse. This aspect of the invention may be
advantageous for use in tools used to degrade or break materials,
especially rock, concrete, asphalt and the like, by means involving
repeated impact, such as may be the case for pick tool inserts and
percussion drilling inserts, but may also provide significant benefits for
tools using shear-type cutters and rotary drilling bits. The invention may
be of particular benefit where the super-hard cap comprises PCD with
Young's modulus greater than about 960, or greater than 1,000 GPa, as may
typically be used in the degradation, drilling, processing orexcavation of
rock, concrete and asphalt, for example in the oil and gas drilling, mining
and construction (tunnelling) industries. It imay be of particular benefit
in applications where the PCD or other super-hard capped insert is caused
to impact a hard body or formation in use, such as in percussive drilling,
mining pick assemblies and road planing, degradation or recycling. In some
embodiments, the super-hard cap has a rounded or blunted conical form with
an apex, the axial thickness of the super-hard cap at the apex being in the
range of 1.14 to 2.4 mm, more preferably 1.4 to 2.3 mm. In some
embodiments, the axial thickness of the super-hard cap at the apex may be
at least about 0.1 mm, at least about 0.2 mm, at least about 0.5 mm or even
at least 1 mm. In some embodiments the thickness may be at most 2.4 mm, or
even at most 2.3 mm. Axial thickness refers to the thickness measured from
the interface, aligned with central axis of the insert. In some
embodiments, the apex may have a radius of curvature of at least 0.5 mm or
at least 1.3 mm. In some embodiments, the apex may have a radius of
curvature of at most 4 mm. Preferably the apex has a radius of curvature in
the range of 0.5 to 4 mm, more preferably 1.3 to 4 mm. According to a
second aspect of the invention there is provided a method for manufacturing
an insert for an attack tool, the method including providing a pre-form for
a reinforcing bolster portion, a pre-form for a support portion and a
pre-form for a PCD cap, assembling and contacting the pre-forms in a
desired configuration to form a pre-form assembly and subjecting the
pre-form assembly to ultra-high pressure and temperature conditions at
which diamond is thermodynamically stable. Preferably, the method of making
the reinforcing bolster portion pre-form of includes the steps of:
introducing diamond grains into the starting powders of a hard-metal, which
typically includes grains of refractory metal carbide, to form a starting
powder blend; forming the starting powder blend by means of compaction in a
mold to form a green compact;  sintering the green compact at a temperature
of greater than about 



1,000 deg.C, more preferably greater than 1,200 deg.C and at an applied
pressure of less than about 1 GPa in order produce the reinforcing bolster
portion pre-form. When this method is used, it has unexpectedly been
observed that the Young's modulus of the reinforcing bolster portion
depends not only on the absolute content of incorporated diamond grains as
one might expect from the formulae known in the art, but also on the
average size of the diamond grains blended into the powder and consequently
incorporated within the bolster green body. In particular, it has been
observed that the Young's modulus may tend to be higher where the diamond
grains are larger. For example, diamond-enhanced carbide with 7.5 wt%
dispersed diamond grains of average size approximately 70 microns had a
Young's modulus of about 660 GPa compared to about 580 GPa for a similar
article comprising the same diamond content, but wherein the average size
of the diamond grains was about 2 microns. According to a third aspect of
the invention there is provided a method for using an insert according to
the first aspect of the invention to degrade or break bodies, articles or
formations comprising hard materials selected from the group comprising
rock, concrete and asphalt, the method including a step of causing the
super-hard cap to impact the body, article or formation DRAWING CAPTIONS
Embodiments will be described by way of non-limiting examples, and with
reference to the accompanying drawings in which:Figures 1(a) and (b) show a
schematic diagram of a cross-section of two different shaped attack tool
inserts. This embodiment of the present invention comprises a super-hard
cap, a support portion and a reinforcing bolster portion disposed
intermediate the cap and the support portion. The working portion of the
insert, the outmost portion of which is the super-hard tip, has a blunted
conical form with an apex. The reinforcing bolster portion at one end is
bonded to the underside of the cap at a non-planar interface that is
generally conformal with the working surface of the cap, and to the support
portion at a substantially planar interface at an opposing end. The
reinforcing bolster portion is exposed at an outer cylindrical peripheral
surface of the substrate. Figures 2(a) and (b) show a schematic diagram of
a cross-section two different shaped attack tool inserts. This embodiment
comprises a super-hard cap, a support portion and a reinforcing bolster
portion embedded within the body of the substrate. The working portion of
the insert, the outmost portion thereof is the super-hard tip, has a
blunted conical form with an apex. Figure 3 shows a drawing of an attack
tool insert, shown partially in crosssection. This embodiment comprises a
super-hard cap, a support portion and a reinforcing bolster portion
disposed intermediate the cap and the support portion. The working portion
of the insert, the outmost portion of which is the super-hard tip, has a
blunted conical form with an apex. The reinforcing bolster portion at one
end is bonded to the underside of the cap at a nonplanar interface that is
generally conformal with the working surface of the cap, and to the support
portion at a substantially planar interface at an opposing end. Figure 4
shows a graph indicating range of suitable average Young's modulus values
for a reinforcing bolster portion as a function of that of the super-hard
cap between 750 and 1,100 GPa. The range of Young's moduli of PCD grades
typically used in oil and gas drilling, i.e. about 960 GPa to about 1,050,
is pointed out. The ranges of Young's moduli of Co-cemented tungsten
carbide grades typically used as substrates for PCD inserts and lowcobalt
grades, as well as the reported ranges for cemented carbide grades enhanced
with super-hard grains dispersed within them are also shown. Figure 5 shows
the grain size distribution of PCD with a so-called quad-modal size
distribution, measured within a fully sintered PCD article. The size
distribution can be resolved into at least four distinct substantially
normal or skew-normal distributions, with more than 80% of the diamond
grains having 



grain size less than about 20 microns. The overall average diamond grain
size is within the range 1 to 15 microns and there is a major peak between
about 5 and 10 microns. Figure 6(a) shows a scanning electron micrograph
(SEM) of a sample of a pre-form of a preferred reinforcing bolster portion
embodiment, comprising WC gains and partially reconverted diamond grains,
bonded by means of cobalt binder. The diamond grains comprise diamond cores
(black) surrounded by graphite (dark grey) that formed during a heat
treatment process as the outer portions of the original, larger diamond
grains converted to graphite. The size of the diamond grains is of the
order of 100 to 200 microns. The white portion of the micrograph is the
hard metal matrix (i.e. WC grains cemented with Co metallic binder) Figure
6(b) shows a scanning electron micrograph (SEM) of a sample of a preferred
reinforcing bolster portion embodiment. The sample was prepared by
subjecting the pre-form of figure 6(a) to ultra-high pressure and
temperature conditions at which diamond is thermodynamically stable. The
diamond grain cores (black) visible in the pre-form are still apparent, but
the graphite that surrounded the cores in the pre-form has reconverted to
diamond (black). A major portion of the reconverted diamond in the
micrographs has a general appearance of halos of finer grains surrounding
the cores. The average size of the diamond cores is at least an order of
magnitude greater than that of the diamond grains arising from
reconversion.SPECIFIC DESCRIPTION The term "super-hard material" as used
herein is taken to mean materials with Vickers hardness greater than about
25GPa. Such materials include diamond, cubic boron nitride, boron
sub-oxide, boron carbide, polycrystalline diamond (PCD), polycrystalline
cubic boron nitride (PCBN) and silicon carbide-bonded diamond (ScD). The
term "PCBN" as used herein is taken to mean polycrystalline cubic boron
nitride, which typically comprises grains of cubic boron nitride dispersed
within a binder phase comprising metallic and / or ceramic phases. The term
"PCD" as used herein is taken to mean materials comprising sintered diamond
in particulate or granular form, there being substantial direct bonding
between the diamond particles. The term "diamond-enhanced carbide", or DEC,
as used herein is taken to mean compacts comprising diamond and a carbide
phase, typically in particulate or granular form, typically dispersed
within a cementing or binding phase. The term "attack tool" is understood
to mean a tool or tool insert that is used to degrade or break material,
such as rock, concrete, asphalt and the like, which may be typically used
in milling, mining, earth boring, degradation and excavation applications.
Attack tools are typically designed to be as wearresistant and
impact-resistant as possible, although the respective relative importance
of these properties would depend on the application. Attack tools include
picks, cutters, percussion drilling tools and rotary drilling tools. The
term "pick tool" is understood to mean an attack tool that is adapted to
break or degrade a body by a major mechanism involving a degree of
penetration into the body, or at least fracture and chipping of the body.
The working ends of pick tools are typically pointed or chisel-shaped.The
term "tool insert" as used herein is taken to mean a component comprising a
working portion, and is provided as a discrete unit that is adapted to be
connected, attached or otherwise secured to a tool or other carrier in some
way. It is not taken to imply or suggest a particular mode of connection or
attachment, such as insertion into an accommodating recess. The term
"metallic alloy", or more simply "alloy", is understood to mean a material
that comprises at least one metal and has a metallic, semi-metallic or
inter-metallic character. It may additionally comprise a ceramic component.
The term "cap" as in "super-hard cap" shall be taken to include a
substantially rigid at ambient conditions (i.e. non-compliant or stiff)
outer layer or tip attached or bonded to a body, typically at one end of a
tool insert in order, for 



example, to protect it from wear or to function as the principal working
portion of the tool insert. A cap need not be homogeneous in structure and
composition, and may, for example, comprise layers of structurally
different materials. A preferred embodiment of an attack tool insert, 10,
of the invention shown in FIG 1 comprises a super-hard cap, 11, having a
volume and bonded to a substrate, 12, at an interface, 13, the substrate
characterised in that it comprises a first reinforcing bolster portion, 14,
as a means for increasing the average stiffness of a region of the
substrate proximate the interface, at least part of the reinforcing bolster
portion being disposed proximate at least a portion of the interface and
having a contiguous volume that is greater than that of the super-hard cap
and an average Young's modulus at least 80% that of the super-hard cap. In
the embodiment illustrated in FIG 1, the reinforcing bolster portion is a
single contiguous region extending substantially from a first interface
proximate the PCD cap to a second interface with a second supporting
portion, 15, of the substrate, which together with the reinforcing bolster
portion forms the whole substrate, the second interface being substantially
remote from the first interface and an outer surface of the reinforcing
bolster portion being exposed at a peripheral outer surface of
thesubstrate. The insert has a working end that has a pointed or
chisel-like form with a crest or apex, 16. In FIG 2, the reinforcing
bolster portion, 24, of an embodiment of an attack tool insert, 20,
comprises a material, 26, with a Young's modulus greater than that of the
support portion of the substrate, 25, that material being embedded within
the substrate body. The volume of the reinforcing bolster portion, 24, does
not necessarily coincide with that of the embedded material. The volume of
the reinforcing bolster portion is calculated as the greatest volume within
the substrate that may be enclosed such that the average Young's modulus is
at least 60% that of the super-hard cap, more preferably 70%, and yet more
preferably 80%. FIG 2 illustrates how one may select a suitable material
for the reinforcing bolster portion depending on the type, grade and
consequently the Young's modulus of the super-hard cap material. It is
essential that the reinforcing bolster portion has high stiffness, which is
an extensive property that depends not only on the elastic or Young's
modulus, but also on its volume and shape. The reinforcing bolster portion
of the invention is distinguished over so-called "inter-layers of the prior
art in that inter-layers, which typically comprise grains of carbide and
diamond bonded together by a metallic matrix, are relatively thin layers
disposed intermediate an ultra-hard cap and the underlying cemented carbide
substrate. The interlayers are believed to reduce stress at the interface
between the cap and the substrate, especially thermally-induced stress that
may occur on cooling the insert product after hphT sintering. While known
inter-layers may have relatively high Young's modulus, their volume is
typically too small to provide sufficient stiffness and support for the
ultra-hard cap in use. The volume of the reinforcing bolster portion of
this invention should be at least two, preferably three and preferably more
than three times that of the ultra-hard cap. It must also have an average
Young's modulus at least 80% that of the ultra-hard cap, preferably more
than 80%.It will be appreciated that the reinforcing bolster portion may
comprise a super-hard material other than diamond or be devoid of diamond
or other super-hard material. In a first preferred embodiment illustrated
schematically in FIG 3, the superhard cap, 3 1, comprises PCD as the major
if not the whole portion, the PCD cap having an average Young's modulus in
the range 750 to 850 GPa, i.e. as high as possible. The super-hard cap has
a rounded converging or pointed form and an apex, 36, that has a tip radius
of curvature in the range of 1.3 to 4 mm and thickness, 37, in the range
1.8 to 2.3 mm. The super-hard cap is integrally formed and bonded to the
substrate, 32, at a first, non-planar interface, 33, at conditions under
which diamond is thermodynamically stable. The super-hard cap is bonded to
the reinforcing bolster portion, 34, of the 



substrate at the first interface and the reinforcing bolster portion, 34,
is bonded to the support portion, 35, at a second interface, a portion of
which may be substantially planar. The reinforcing bolster portion
comprises diamond-enhanced carbide (DEC). There are many types of DEC
materials and many methods of making them that are well known in the art
and can be used, either as taught or adapted, for the reinforcing bolster
portion of this embodiment. Examples of prior art include US patent numbers
4,505,746 and US5,453,105 which teach methods for making composites
comprising diamond particles, a hard phase (for example WC) and a binder
phase metal (for example Co). In US patent number 5,453,105, the diamond
content within the DEC is greater than 50 volume % and intergrown to a
degree. HphT sintering is employed in US patent number 5,786,075 that
describes the synthesis of DEC for heat sink applications. US patent number
7,033,408 similarly relies on hphT sintering of DEC synthesis, but also
teaches that wear resistance may be further improved by including a second
metal within the binder, where the second metal is a stronger carbide
former than the primary binder metal. US patent number 5,158,148 teaches an
approach in which excess non-diamond carbon is added to a carbide powder
such that the overall carbon content of the final powder mix is above the
stochiometric level of the carbide powder. Themixture of powders, in the
presence of a metallic binder phase, is subjected to a conventional carbide
sintering process, and the resulting sintered article contains agglomerates
of non-diamond carbon material. This sintered article is subsequently
subjected to a second sintering cycle, under hphT conditions, which results
in the conversion of the non-diamond carbon into diamond. The final product
comprises carbide and diamond particles cemented by a metallic binder, and
little or no non-diamond carbon phases. US patent number 6,214,079 teaches
the chemical infiltration of a carbonaceous gas into a sintered, but
porous, carbide body which is subsequently subjected to an hphT sintering
cycle. As in US patent number 5,158,148, the non-diamond carbon is
converted into diamond during this cycle. The sintering of DEC materials at
pressure and temperature conditions below the diamond stability threshold
requires methods for preventing or minimising the conversion of added
diamond into non-diamond carbon. Since this process of diamond degradation
is known to be accelerated by the presence of metals typically used as
binders within DEC materials, one strategy is to coat the diamond particles
with a barrier layer that prevents or reduces the area of contact between
the diamond surfaces and the binder metal (for example US patent number
5,723,177, EP1 ,028,171 and US patent number 6,673,439). Another approach
is to use a sintering method that requires the diamond within the compact
to be held at high temperatures for a relatively short period, thereby
minimising its conversion. This can be achieved using, for example, the
so-called Field Assisted Sintering Techniques (FAST), of which Spark Plasma
Sintering (SPS) is a well known example (for example EP1 ,028,171 and US
patent number 5,889,219), as well as microwave sintering (for example US
patent number 6,315,066). In one version of the first preferred embodiment,
the reinforcing bolster portion comprises what may be described generically
as "supercarbide", which comprises super-hard grains or particles in
crystalline or polycrystalline form, grains of tungsten carbide and a
metallic binder such as cobalt. The grains of tungsten carbide may be
pre-sintered, or sintered in situ, during the same step in which the PCD
cap is sintered. The super-hard grains preferablycomprise diamond, although
they may less preferably comprise cBN or PCBN. Variants of supercarbide and
methods for their manufacture are disclosed in US patent numbers 5,453,105,
6,919,040 and 7,033,408, as well as certain of the references contained
therein. Supercarbide is manufactured by a process that includes a step of
subjecting a pre-form to ultra-high pressure and temperature conditions at
which diamond is thermodynamically stable. Supercarbide typically has a
substantially lower content of super-hard material than does PCD or PCBN,
and typically less than about 10 to 18 wt.%, 



and consequently the superhard phase is much less inter-grown than in PCD.
Supercarbide with a diamond phase is thus distinguished from PCD
structurally and is significantly less hard and abrasion resistant than
PCD. As shown in FIG. 4, supercarbide may have Young's modulus of greater
than 800 GPa or even greater than 850 GPa. In a second preferred
embodiment, the reinforcing bolster portion may comprise a cemented
carbide, preferably a cobalt-cemented tungsten carbide, with a low content
of metallic binder, preferably less than 8 wt.%, more preferably less than
6 wt.% metallic binder, which may be substantially devoid of super-hard
grains. This is preferably used in combination with preferred features of
the first preferred embodiment. In one embodiment method of manufacturing a
product according to the invention, the super-hard cap is formed integrally
with the reinforcing bolster portion and the support portion under
ultra-high pressure and temperature (hphT) conditions well known in the art
of PCD or PCBN manufacture. An attack tool insert pre-form comprising three
sections is prepared, the first section being the support portion of the
substrate, the second being a pre form of the reinforcing bolster portion
and the third being a pre-form of the PCD cap. The support and reinforcing
bolster portions of the substrate are preferably pre-sintered by
conventional carbide sintering means, either as separate entities or
integrally. Where they are pre-sintered as separate articles, they may be
bonded together during the hphT sintering step during which the PCD cap is
formed by the sintering of diamond grains. The average size of the diamond
grains within the PCD pre form is typically in therange 0.5 to 60 microns.
In one embodiment the average size is 0.5 to 20 microns, embodiment the
portion of the substrate most proximate the interface with the PCD pre-form
comprises cobalt or other iron-group metal, which is capable of
infiltrating the PCD pre-form when molten under hphT conditions and
catalyse the direct bonding of the diamond grains to form a coherently
bonded PCD mass. The encapsulated pre-form would typically be subject to
heat treatment to bum off binder and impurities, and introduced into a
capsule assembly suitable for use in an hphT sintering apparatus and
process. The attack tool insert of the invention may be used in pavement
degradation drums, percussion drilling bits, shear-type rotary drilling
bits used in the oil and gas industry and cutting, sawing or milling tools
for example. The geometrical form of the tool may be substantially the same
as those of conventional super-hard inserts used in these applications and
it would generally not be necessary to mount the inserts onto the tool
holders substantially differently than conventional super-hard inserts,
although some adaptation of the mounting process may be found to optimise
performance in some cases. EXAMPLES Example 1 A set of seven pick tool
inserts according to the design shown in FIG 4 was made. The super-hard
cap, 3 1, was PCD and was bonded directly to and integrally with the
reinforcing bolster portion, 34, of the substrate 32. The reinforcing
bolster portion comprised diamond-enhanced carbide and the support portion,
35, of the substrate, 32, was cobalt-cemented tungsten carbide. The PCD cap
comprised sintered diamond grains having an average size distribution in
the range 1 to 20 microns and having a multi-modal size distribution. This
type of PCD grade and a method for making it is disclosedin U.S. patent
applications 10/503,323 and 11/712,067, using technology and methods well
known in the art. The Young's modulus of the PCD was found to be within the
range of 1030 to 1055 GPa. The thickness, 37, of the PCD cap at the apex or
crest, 36, was about 2.2mm, and the radius of curvature of the rounded apex
was about 2.0mm. The reinforcing bolster portion comprised 9 wt.% diamond
grains, 5.4 wt.% Co binder and 85.6 wt.% WC grains, the WC grains having an
average size in the 



range 1 to 3 microns. The diamond grains were substantially homogeneously
dispersed throughout the reinforcing bolster portion and had an average
grain size with the range of about 200 to 250 microns. The Young's modulus
of the reinforcing bolster portion was estimated to be about 700  20 GPa,
which is within the range of about 64% to 70% that of the PCD cap. The
reinforcing bolster portion was a contiguous region within the substrate
and bonded to the PCD cap at a non-planar interface, and was exposed at a
peripheral outer cylindrical surface of the substrate. The volume of the
reinforcing bolster portion was approximately three to five times that of
the PCD cap, thereby functioning as a stiff reinforcing support for the
cap. The reinforcing bolster portion was bonded to the support portion of
the substrate at a substantially planar interface. The insert of the
example was manufactured by subjecting pre-forms of the PCD cap, the
reinforcing bolster portion and the support portion to conditions of hphT,
at which diamond is thermodynamically stable. The three pre-forms were
manufactured separately as three components, which were assembled and
encapsulated within an enclosing sleeve of refractory metal prior to the
hphT step. The PCD pre-form was disposed in contact with the reinforcing
bolster portion pre-form at the non-planar interface, and the reinforcing
bolster portion was disposed in contact with the support portion at the
substantially planar interface. The pre-form assembly corresponded to the
general form of the sintered article, shown schematically in FIG 3.The
reinforcing bolster portion pre-form was manufactured by a process
including the steps of i) preparing the powders, ii) forming a solid green
body, and iii) sintering the green body by means of a conventional
hard-metal sintering method. The preparation of the starting powders
involved blending diamond grains with average size in the range about 200
to 250 microns with WC grains with average size distribution in the range
of about 1 to 3 microns and cobalt powder of the type and grade that may
typically be used in the powder metallurgy industry to make cemented
carbide materials. The respective proportions of diamond, WC and Co powder
were about 9 wt.%, 85.6 wt.% and 5.4 wt.%. The powders were blended dry by
means of a multidirectional (Turbula)(Registered Trade Mark (RTM)) mixer
and an organic pressing aid was introduced into the blend. A green body was
then formed by uniaxial compaction of the powders into form shown
schematically in FIG. 3 at ambient (room) temperature. The green body was
placed in a furnace and subjected to a conventional hard-metal sintering
process, which involved heating to a temperature above 1400 deg.C for a
period of about 2 hours in a vacuum. The sintered green body was removed
from the furnace (after cooling). Examination of the body revealed that the
outer portions of the diamond grains had converted to graphitic carbon, but
that the inner portions or cores thereof had remained as diamond. The
sintered green body was used as the bolster pre-form. The support portion
of the substrate was cobalt-cemented tungsten carbide comprising 90 wt.% WC
grains and 10 wt.% Co binder, the WC grains having an average size in the
range of 1 to 3 microns. The support portion was manufactured using a
conventional method as is well known in the hard-metal art and in the art
of preparing substrates for PCD inserts, such as earth boring inserts for
the oil and gas industry. The PCD cap pre-form comprised diamond grains
bonded together by means of an organic binder. Various types of PCD
pre-forms and methods of preparing them are known in the art, and the
skilled person would know how to use and adapt these to put this invention
into effect.A composite pre-form comprising the PCD pre-form disposed in
contact with the bolster pre-form at the pointed non-planar surface, and
the reinforcing bolster portion was disposed in contact with the support
portion. Thus assembled and mounted, the pre-form was subjected to a
pressure greater than about 5.5 GPa and a temperature of about 1400 deg.C
for about 10 minutes. These conditions were such that diamond was
thermodynamically stable, resulting in the melting of the cobalt in the
pre-form components, the 



sintering of the PCD and its integrally bonding with the reinforcing
bolster portion. At the same time, the reinforcing bolster portion was
integrally bonded and sintered with the support portion. During the hPhT
sintering step, the graphite surrounding the diamond cores within the
bolster pre-form reconverted into diamond, albeit in a different form than
that of the diamond introduced to the powders. The reconverted diamond was
in granular form, the grain sizes being substantially less than that of the
cores, and generally isotropically dispersed around the cores and forming a
kind of concentric spherical halo. The reconversion of graphite to diamond
resulted in the volume of the reinforcing bolster portion being reduced by
about 30%. It is important to take this shrinkage into account when
preparing the reinforcing bolster portion pre-form, so that the desired
shape and size of the reinforcing bolster portion may be achieved within
the finish product. The extent of this volume shrinkage could be estimated
by calculation, but a series of empirical "trial and error" steps was found
to allow a more accurate prediction, since it is not easy to know
accurately in advance what potion of the diamond grain volume will convert
to graphite during the conventional sintering step. After the hphT
sintering step the jacketed insert was removed from the capsule and the
jacket was removed by immersion in strong acid liquor, and the insert was
processed to final finish and tolerances, as is known in the art. Initial
indications from field testing are that the inserts made according to this
example may have significantly higher impact resistance and
effectiveworking lives in asphalt degradation applications than PCD inserts
of the prior art. Example 2 Example 1 was repeated, except that the diamond
grains introduced into the powders of the reinforcing bolster portion had
an average size in the range from about 10 to 50 microns. Examination of
the sintered reinforcing bolster portion green body after it was removed
from the furnace (after cooling) revealed that substantially all of the
diamond grains had converted to graphite. The sintered green body was used
as the bolster pre-form. Example 3 In this example, shear cutter-type
PCD-capped inserts were sintered onto substrates, where the whole of the
substrate functioned as a bolster, having the necessary Young's modulus and
stiffness. The working surfaces of these PCD inserts were substantially
planar. The diamond-enhanced substrates were made using the method
described in example 1 to make the diamondenhanced reinforcing bolster
portion, with diamond grains being introduced into the starting powders.
The respective proportions of diamond, WC and Co powder were about 7.1
wt.%, 86.4 wt.% and 6.5 wt.%. The diamond grains had an average grain size
in the range from about 60 to 80 microns, as measured by a Malvern
Mastersizer (RTM). The diamond powder used was Element Six product PDA878
240/270. The substrates were manufactured by a process including the
following steps: 1. 62g of diamond powder, 56g of Co powder and 75Og 13 wt%
Co WC powder, which was supplied with ~2wt% PEG, was poured into a vessel
of volume approximately 500ml; 2. Sufficient methanol to form a slurry was
added; 3. The slurry was mixed; 4. The slurry was dried andand broken down
to soft agglomerates with mortar and pestle;5. The dried powder was placed
into a die and compacted to form a green body. 6. The green body was
sintered in a conventional carbide sintering apparatus and
pressure-temperature. After sintering, the substrates had a dull grey
appearance due to the presence of graphite (by this stage, at least some of
the diamond in the diamond-containing samples and completely converted into
graphite); and 



7. The substrate, which was substantially cylindrical in form, was then
ground to the same outer diameter and height. The enhanced substrate
pre-forms were substituted for conventional, Cocemented carbide substrates
in the subsequent manufacture of PCD inserts. A PCD layer was integrally
sintered onto each enhanced substrate using a conventional hphT approach.
As is known in the art, this process involved disposing diamond PCD
pre-form comprising diamond grains onto one end of the substrate to form a
composite pre-form. The pre-forms were assembled into conventional PCD
insert capsules used for hphT sintering, and the capsules were out-gassed
using a standard process wherein air was evacuated from them, which were
subsequently sealed. The capsules were subjected to a standard hphT
sintering cycle used to manufacture PCD cutter inserts for rock drilling
applications (i.e. at a pressure above about 5 GPa and a temperature
greater than about 14000C). During the hphT cycle, substantially all of the
non-diamond carbon in the substrates converted into diamond, as in example
1. Example 4 A shaped cutter insert with DEC bolster portion having a
geometry as per FIG 3 was constructed. A diamond table (PCD) was compacted
from granules with organic processing aids that were burned off prior to
sintering. The diamond table layer thickness and shape was defined by
compacting with appropriately shaped tooling.The diamond compact was
comprised of a diamond mix wherein the diamond particle size distribution
was a broad multimodal with peaks in the range from about 10um to 45um. The
total particle size range was from ~2um to 50um. The diamond compact
contained Co as admix but was primarily infiltrated with Co from the
substrate and bolster portion to achieve sintering. The bolster portion was
comprised of an admix of 1-6um WC particles with ~22um diamond particles
and cobalt. Volume ratios of WC:diamond were varied between 1:1 and 3:1 . A
higher Young's modulus is expected with 1: 1 ratio. Both the diamond and
bolster portion compacts were compacted together during final stages of
assembly to ensure a complete bond between the two layers. This also
ensured good densification prior to removal of the organic processing aids.
A planar interface substrate was placed at the base of the bolster portion.
This pre-sintered WC/Co composite acted as a firm base during high pressure
sintering and also provided additional Co for infiltration and proper
sintering of both the bolster portion and diamond table. Although the
foregoing description of consolidated superhard materials, production
methods, and various applications of them contain many specifics, these
should not be construed as limiting the scope of the present invention, but
merely as providing illustrations of some exemplary embodiments. Similarly,
other embodiments of the invention may be devised which do not depart from
the spirit or scope of the present invention. The scope of the invention
is, therefore, indicated and limited only by the appended claims and their
legal equivalents, rather than by the foregoing description. All additions,
deletions, and modifications to the invention, as disclosed herein, which
fall within the meaning and scope of the claims are to be embraced.CLAIMS
1. An insert for an attack tool, the insert comprising a super-hard cap
having a volume and bonded to a substrate at an interface, the super-hard
cap having an average Young's modulus of greater than 900 GPa and the
substrate characterised in that it comprises a reinforcing bolster portion
as a means for stiffening a region of the substrate proximate the
interface, the reinforcing bolster portion having an aggregate volume that
is greater than that of the super-hard cap and an average Young's modulus
at least 60% that of the super-hard cap. 2. An insert according to claim 1
wherein the reinforcing bolster portion is disposed proximate the
interface. 



3. An insert according to claim 1 wherein the reinforcing bolster portion
has an aggregate volume that is at least three times greater than that of
the super-hard cap and an average Young's modulus of at least 70% that of
the super-hard cap. 4. An insert according to any one of claims 1 to 3
wherein the reinforcing bolster portion comprises super-hard material. 5.
An insert according to any one of claims 1 to 3 wherein the reinforcing
bolster portion comprises grains of a super-hard material dispersed within
a binder metal, such as cobalt, wherein the average size of the super-hard
grains is greater than 50 microns. 6. An insert according to any one of
claims 4 or 5 wherein the super-hard material comprises diamond. 7. An
insert according to any one of claims 1 to 3 wherein the super-hard cap is
bonded to the reinforcing bolster portion at a first interface and
thereinforcing bolster portion is bonded to a support portion at a second
interface, the support portion comprising a hard-metal. 8. An insert
according to any one of claims 1 to 7 wherein the super-hard cap has a
rounded, converging or pointed form and an apex that has a radius of
curvature in the range of 1.4 to 4 mm. 9. An insert according to any one of
claims 1 to 7 wherein the super-hard cap has a rounded, converging or
pointed form and an apex, the thickness of the super-hard cap at the apex
being in the range from 1.4 to 2.4 mm. 10.An insert according to any one of
the preceding claims wherein the average Young's modulus of the super-hard
cap is greater than 960 GPa. 11.An insert according to any one of the
preceding claims wherein the average Young's modulus of the reinforcing
bolster portion is in the range from 650 to 900 GPa. 12.An insert according
to any one of claims 1 to 9 wherein the average Young's modulus of the
super-hard cap is greater than 960 GPa and that of the reinforcing bolster
portion is in the range from 650 to 900 GPa. 13.An insert according to any
one of the preceding claims wherein the superhard cap comprises PCD and the
reinforcing bolster portion comprises metal carbide grains, the metal being
selected from W, Ti1Ta, Nb, Mo, Cr, Hf, Zr, Si, and further comprising a
binder comprising a transition metal, and diamond in granular or
particulate form, the super-hard cap bonded directly to the reinforcing
bolster portion. 14.A method for manufacturing an insert according to any
one of the preceding claims, the method including providing a pre-form for
a reinforcing bolster portion, a pre-form for a support portion and a
pre-form for a PCD cap, assembling and contacting the pre-forms in a
desired configuration to form a pre-form assembly and subjecting the
pre-formassembly to ultra-high pressure and temperature conditions at which
diamond is thermodynamically stable. 15.A method for using an insert
according to any of claims 1 to 13 to degrade or break bodies, articles or
formations comprising hard materials selected from the group comprising
rock, concrete and asphalt, the method including a step of causing the
super-hard cap to impact the body, article or formation. 


