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The active ingredient valsartan is the free acid which is described specifically in EP 0443983,
especially in example 16; it has two acidic hydrogen atoms: (i) the hydrogen atom (H atom)
of the carboxyl group, and (ii) that of the tetrazole ring. Accordingly, one acidic H atom
(primarily the carboxyl H atom) or both acidic H atoms may be replaced by a monovalent or
higher valent, e.g. divalent, cation. Mixed salts may also be formed.

EP 443983 does not disclose any specific salts or salt solvates, e.g. hydrates, of valsartan.
Also, it does not mention any special properties of salts or salt solvates, e.g. hydrates.
Meanwhile, the active ingredient valsartan has been introduced as an anti-hypertensive
agent in a series of countries under the trade name DIOVAN.

The free acid valsartan has a melting point.in a closed crucible of 80 to 95°C and in an open
crucible of 105 to 110°C and a melting enthalpy of 12 kdJ/mol. The specific optical rotation is

[2]%p =(-70 + 2) ° measured for a concentration of ¢ = 1% in methanol.

The density of the valsartan crystals and of the salt hydrates was determined by a helium
pycnometer (Accupyc 1330 of Micromeritics, Norcross, GA, USA). The density for the
crystals of the free acid valsartan is 1.20 + 0.02.



The X-ray diffraction di agramconsists essentially of a very broad, diffuse
Xray reflection; the free acid is therefore characterised as al npost
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for the free acid valsartan. There is a need for nore stable, e.g.
crystalline forms of val sartan, which, for exanple, are even easier to
manage in the drying or grinding processes following the final stage of the
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exi st f golymanpipius fomns therefod exhibit thealegirechismoessi properies.| ) mi xtures of a
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with little stability are obtained (such as hard foams, waxes or oils). Extensive research has

shown that the additional saits and salt hydrates of valsartan according to the invention have
proved to be particularly advantageous compared with the free acid valsartan.

The objects of the present invention are salts and salt hydrates of valsartan which are
selected from the group of earth alkalimetals consisting of the magnesium salt and the
calcium salt, as well as salt mixtures, or respectively, an amorphous form, a solvate,
especially hydrate, as well as a polymorphous form thereof, the respective production and
use, and pharmaceutical preparations containing such salts.

Salt mixtures are (i) single salt forms from different cations selected from the above group or
(if) mixtures of those single salt forms which exist for example in the form of conglomerates
or (II) mixtures of a single salt or a salt hydrate consisting of different physical phases such
as several polymorphic forms, of different hydrates or also the anhydrate, of different
amorphous forms or (IV) mixtures of any form listed under (1), (1), and (lll) with each other.



calciumsalt of valsartan in crystalline and anorphous forns, especially in
hydrate form prinmarily the tetrahydrates, the trihydrates, the

nonohydr awe,03nb@oei - (cal cium salt of val sartan) pent ahydPaT&Pos/ w47
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restricted stability range. To be stabilised, they require certain measures which can be

achieved for example by galenic formulations.

In addition, both the crystalline and the amorphous salts and salt hydrates according to the
invention have a high degree of dissociation in water and thus substantially improved water
solubility. These properties are of advantage, since on the one hand the dissolving process
is quicker and on the other hand a smaller amount of water is required for such solutions.
Furthermore, the higher water solubility can, under certain conditions, also lead to increased
biological availability of the salts or salt hydrates in the case of solid dosage forms.

Improved properties are beneficial especially to the patients.

The high crystallinity of certain salt hydrates allows the use of a choice of analytical methods,
especially the various X-ray methods and/or the infrared spectrum preferably by means of
ATR-IR (Attenuated Total Reflection-Infrared Spectroscopy), the usage of both methods
permit a clear and simple analysis of their release to be made. This factor is also of great



The invention accordingly relates to crystalline, also partly crystalline
and anor phous salts or salt hydrates of valsartan. As well as the

sol vat es,wouwskea@sé hydr at es, the invention al so rel ates toPpo/BPO®OPIDUS
forms of the salts according to the invention. Solvates and al so hydrates
of the salts according to the invention hay be present, for exanple, as
nono-, di-, tri-, tetra-, penta-, hexa-solvates or hydrates, respectively.
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valsartan and the selected solvent, especially water. The respective stability of the resulting
crystalline or amorphous solids in the form of salts, salt solvates or salt hydrates, must be
determined by experimentation. ltis thus not possible to focus solely on the chemical
composition and the stoichiometric ratio of the molecules in the resulting solid, since under
these circumstances both differing crystalline solids and differing amorphous substances
may be produced.

The description salt hydrates for corresponding hydrates may be preferred, as water
molecules in the crystal structure are bound by strong intermolecular forces and thereby
represent an essential element of structure formation of these crystals which, in part, are
extraordinarily stable. However, water molecules are also existing in certain crystal lattices
which are bound by rather weak intermolecular forces. Such water molecules are more or
less integrated in the crystal structure forming, but to a lower energetic effect. The water
content in amorphous solids can, in general, be clearly determined, as in crystalline



active substance and the water. In nmany cases these ratios do not fulfil
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The particularly preferred salt hydrate is the tetrahydrate of the calcium salt of valsartan in
the polymorphic form Ay ca. In a closed specimen container, for a heating rate of

T.=10 K-min~" it has a melting point of 190 + 1.5 °C and a melting enthalpy of

79 + 4 kJ-Mol™. The tetrahydrate of the calcium salt of valsartan A; ¢, is not stable at the
melting point both in respect of the hydrate water and therefore in respect of the chemical
and physical structure of the molecule. The indicated melting point is a hydrate melting point
which can only be measured in a closed specimen container. Gold containers with a wall
thickness of 0.2 mm were used; after weighing in samples of between 2 and 4 mg salt
hydrate, they were sealed by cold welding. These gold containers have an internal free
volume of ca. 22 microlitres. The amounts of the sample and the volume of the pressurised
containers must be suitably adapted, so that strong dehydration of the salt hydrates cannot
take place during measurement of the melting point. The partial pressure of the water at

191° Celsius is ca. 13 bar, so that with an open container in DSC (Differential Scanning



expression of the exceptional stability of the crystal lattice of the form
A ,ca of the tetrahydrate of the calciumsalt of valsartan. These two

t her rody maimios/oedses act eri stics illustrate the advant ageou®Cphapss/cal?
properties, conpared to the free acid, with the two correspondi ng data,
nanely a nelting point in the closed s9§tem of 90C and a nelting enthal py
of 12 kJMol -1. These thernodynam c data, together with the X-ray data,
prove the high stability of this crystal lattice. They are the base for
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I ntensity ar acteristic absorption bands of the ATR-IR spectroscopy
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The intensities of the absorption bands are indicated as follows: (w) = weak; (m) = medium

he

and (st) = strong intensity.

The characteristic absorption bands of the ATR-IR spectroscopy for the polymorphic form

A ca Of the tetrahydrate of the calcium salt of valsartan are shown by the following values
expressed in reciprocal wave numbers (cm™): 3307 (w); 2960 (m); 1621 (st); 1578 (st);
1459 (m); 1442 (m); 1417 (m); 1407 (m); 1364 (m); 1357 (m); 1319 (m); 1274 (m); 1211 (m);
1180 (m); 1137 (m); 1012 (m); 1003 (m); 974 (m); 758 (m); 738 (st); 698 ().

The error margin for all absorption bands of ATR-IR is +£3 cm™.

The water content is in theory 13.2% for the tetrahydrate of the calcium salt of valsartan.
Using the thermobalance TGS-2 (Perkin-Elmer Corp. , Norwalk, CT USA ) the water content
was determined for the polymorphic form A, ¢, between 25°C and 225°C as 12.3 %. A total
formula was calculated from this (CasHzNsOs)* Ca?* (3.7  0.2) H;0.



nmeasured at a heating rate of 10 K-min . The results are illustrated in
table 1. Table 1 tenperature G weight loss or water loss 25 1.1 0.5 50
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essential feature for the quality of a7|crure active substance both for the
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gal eni ¢ processes which are carried out wth pharmaceutical excipients,
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reasons associated with the respective fornulation process. In this way,

t he pharnaceutical active substance mgbkxposed during the production and
gal eni c processes over tipe p ; everal— rs or even days to
free wat erfBmpewtyred ; fjre) which is mainly
dependi ng €. However, I{iq1495asily possiblie to reach a

wel | -defined hydrate fdrmin the production of the actijve substance as
wel | as in|[the f&) mul atfion of a salt 3e¥*Pdi sartan after [a certain

equi | i br at jen “75': tder—r-ather—cons i g Mditions 111 rlespect to
tenperature and to the | relative humditTy. WD 03/ 066606 |PCT/ EP03/ 01047 -8
Furt her chpractdgodsati ogn of the tetr&®dridte of the cal giumsalt of

val sart an ps—effectedtsthrg—the—t+ntertattirce—ptane—tntgrval s determ ned by
a X-ray popder ﬂg§t ern.| Measur enent E?'Qq'o's

the™ X-
150 1291 0.5
175 13.220.5
200 13.320.5
225 134 0.5
250 13.3+£0.5
275 13.720.5

An essential feature for the quality of a pure active substance both for the physical-chemical
procedures such as drying, sieving, grinding, and in the galenic processes which are carried
out with pharmaceutical excipients, namely in mixing processes, in granulation, in spray-
drying, in tabletting, is the water absorption or water loss of this active substance depending
on temperature and the relative humidity of the environment in question. With certain
formulations, free and bound water is without doubt introduced with excipients and/or water
is added to the process mass for reasons associated with the respective formulation
process. In this way, the pharmaceutical active substance is exposed during the production
and galenic processes over time periods of up to several hours or even days to free water of
different activity (partial vapour pressure) which is mainly depending on temperature.
However, it is easily possible to reach a well-defined hydrate form in the production of the
active substance as well as in the formulation of a salt of valsartan after a certain
equilibration time under rather constant conditions in respect to temperature and to the

relative humidity.
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The characteristic reflections in the X-ray diffraction diagram show the following interlattice

plane intervals:
d in [A]: 16.2+0.3, 11.4£0.2, 9.9£0.2, 9.4+0.2, 8.06x0.1, 7.0520.1, 6.50£0.05, 5.82+0.05,

4.94+0.05, 4.73+0.05, 4.33+0.05, 4.17+0.05, 4.13+0.05, 3.93+0.05.

Another polymorphic form of the tetrahydrate of the calcium salt of valsartan is the solid
state form A,ca. The melting point of form Azcais 195 £ 1.5 °C and the melting enthalpy is 98
+ 8 kJ-Mol™". The indicated melting point is a hydrate melting point which can only be
mesured in a closed specimen container. Gold containers are used and sample weights of
between 2 and 4 mg salt hydrate. The heating rate applied is T,= 10 K-min™. For details see
the explanations given for the form A ¢, The tetrahydrate of the calcium valsartan salt Azca
reveals the following loss of water as a function of temperature using the thermogravimetric
instrument TGS-2 (Perkin-Elmer Corp., Norwalk, CT USA) with a heating rate of 10 K-min™,

in a water-free N, atmosphere, the weight loss is illustrated in Table 2.

Table 2

Temperatire [




75 0.5 0.5 100 4.9 0.5 125 11.2 0.5 150 12.2 0.5 175 12.6 0.5 200
12.7 0.5 225 12.8 0.5 250 12.8 0.5 275 13.0 0.5 The theoretical
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The tetrahydrate of the form A2, ca has a bound water content at 225C
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6. 350. 05(v 5 820 05(MW) 4,940 05( \mm 4. 730.-05(vw . 340. 05(vw) ,

4.130.05(n), 3. Q@@.OS(\\AQ, 3.300. 05( vi#-O tthe characteristlic reflections in
the X-ray drffractionm dragramshow the folfowng interfattice plane

i nterval s: WD 03/ 066606 PCT/ EP03/01047 -10 )
The theoretical water content is for a tetrahydrate of the calcium salt of valsartan 13.2%. The

i X-r dY°diffr in thd

The i nt

tetrahydrate of the form A, has a bound water content at 225°C determined as a weight
loss of 12.8% and the total formula is calculated from this (CzsHzzN5Os)* Cca® - (3.9+0.2)
H.0.

A solid state characterization of the calcium salt of valsartan in form of the tetrahydrate Az ca
is achieved by a X-ray powder pattern and by the evaluation of the reflections into the
interlattice plane intervals. The measurements are throughout made without specific
explanations with a Guinier camera (FR 552 from Euraf Nonius, Delft, NL) on an X-ray film in
transmission geometry, using Cu-Ka, radiation at room temperature. Evaluation of the films
for calculation of the interlattice plane intervals is made both visually and by a line scanner
(Johansson, Taby, S), and the reflection intensities are determined simultanously. The
preferred characterization of the tetrahydrate of the calcium salt of valsartan A, c, is obtained
from the interlattice plane intervals d of the ascertained X-ray diffraction diagrams, whereby,
in the following, values are indicated with the appropriate error limits. The intensities are
given in brackets with the following abbreviations: very strong = vst; strong = st; medium =
m; weak = w; and very weak = vw.

d in [A]: 16.240.3(vst), 9.9+0.2(w), 9.420.2(vw), 8.0520.1(vw), 7.72+0.1(vw), 7.04£0.1(vw)
6.49+0.05(w), 6.35£0.05(vw), 5.82+0.05(w), 4.94+0.05(vw), 4.73+0.05(vw), 4.3410.05(vw),
4.13£0.05(m), 3.93+0.05(w), 3.30+0.05(vw).

The characteristic reflections in the X-ray diffraction diagram show the following interlattice

plane intervals:



din[A: 16.20.3, 9.90.2, 9.40.2, 8.050.1, 7.040.1, 6.490.05, 5.820.05,
4.940. 05, 4.130.05, 3.930.05. A new substance has been found as

pol ynmor phwo oBosasne©f a tri hydrate of the calciumsalt of arg®oyenmsnssi gned
with B,,ca. The nelting point of the substance B,,ca is neasured in a
closed sanple cell with a heating ratel®f 10 K-nin' as Tfus = 1753C and the
nmelting enthal py of the partially crystalline sanple is 12 4 kJ-Ml -1.
The water content is in theory 10.24% for the trihydrate of the cal cium
salt of Y@ﬂ/saaret@aros dI5igng, d.1e0.p N OBIDT, AVOLBEK T, i6049+005, B18280.05G592+0.05,

(Per ki n- El nér Nor wal k, CT USA) the water content was determ ned for
t he pol 9{?\3#@)95@9&%@,,ca as 9.90.4% A total fornula was cal culated from
this polymorphic formof the trihydrate of the calciumsalt of valsartan

C24H27N203) 2 Ca2' - (2.9 _0.3) H20 Using. th f
G at rmo Ao sbstnes b Ghen (663 Ssipobmarhe Tt 3 oer Py e TR o of
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of tenperature, s neasufed at a heatlng rate of mn 1. The results

are il |-oosecsanple gell wihadegting gie of 30 tr@ﬁp@? éﬁfuuréﬁ*%]o ad éﬁ L or wat er

| 700 6.3 0.5 125 8.5 0.5
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with thee llattice plane_intervals. The measurenents
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PCT/ EPO?)\/ag 1::9% lated from this polymorphic form of the trihydrate of the calcium salt of valsartan

(CasH27N,05)% Ca®* - (2.9 % 0.3) H-0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss
for the trihydrate of the calcium salt of valsartan in the polymorphic form B, c. as a function
of temperature, was measured at a heating rate of 10 K-min”. The results are illustrated in

table 3.

Table 3

0.4+ 0.(;t
50 . 20x0.5
75 4.0+£0.5
100 6.3+0.5
125 8.5+0.5
150 9.5%0.5
175 9.7+0.5
200 9.9+0.5
225 9.9+0.5
250 10.0 0.5
275 10.3+0.5

A solid state characterization of the trihydrate of the calcium salt of valsartan By ¢, is
preferably performed by X-ray powder patterns with the evaluation of the interlattice plane
intervals. The measurements have been performed with two samples of the trihydrate Bica



-11 of the calciumsalt of valsartan and with two different instrunents.
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chanber XvBaswecshed om Philips Anal ytical X-ray, 7602 Al nelPoI/HRLI/0®dUi pped
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USA. The éen been déterm ned al so froma DSC curve
neasurederalmkwvvh a heatl ng rate of 10 K-mn' as 62 6 kJ-Ml-1. During

t he DSC neggu f 4 864 al ci um
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The characteristic reflectlons in the X-ray diffraction diagram reveal the following interlattice
plane intervals for the form B ca:
d in [A]: 16.0£0.3, 11.4£0.2, 10.0+0.2, 9.4£0.2, 8.06+0.1, 7.75+0.1, 7.03+0.1, 6.48+0.05,

6.10£0.05, 5.16+0.05, 4.75+0.05.

The new polymorphic form By,c, of a trihydrate of the calcium salt of valsartan has a melting
point of 197+1.5°C measured in a closed sample cell with a Pyris 1 DSC (Differential
Scanning Calorimeter) from Perkin-Elmer Corp., Norwalk, CT USA. The enthalpy of fusion
has been determined also from a DSC curve measured also with a heating rate of 10 K-min™
as 62 + 6 kJ-Mol™. During the DSC measurements of the melting of the trihydrate B, c, of the
calcium salt of valsartan also a glass transition was observed, as an unequivocal proof of
amorphous substance present in this substance. The glass transition temperature was
calculated with T, = 68 + 20°C as the mid point of a change of the specific heat of the
substance, namely the trihydrate B;ca 6f the calcium salt of valsartan. The value for the

change of the specific heat was calculated as Ac, = 0.2 £ 0.1 J-(g'K)™". The amorphicity



substance, nanely the trihydrate B2,ca of the calciumsalt of valsartan.
The value for the change of the specific heat was cal culated as Acp = 0.2
0.1 J(gK)wo.03/brso@nor phicity WO 03/066606 PCT/ EPO3/ 01047 PCIZPp/enent in
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~ calcium or magnesium and water which is not free water, however structural bound water.
This narrow range molecular structure is rather similar for the crystalline part as for the
amorphous part. Of course, in the amorphous material, there is a complete lack of long
range order in contrary to the crystalline material were any molecule, in the present case,
any molecle in trihydrate B, calcium salt of valsartan is over neighboring molecules

structural interrelated with all the molecules within any single crystal.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss
for the trihydrate By, as a function of temperature, was measured at a heating rate of 10
K-min™. The results for the polymorph B, of the trihydrate of the calcium salt of valsartan

are illustrated in table 4.

Table 4
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The solid state characterization of the trihydrate of the calcium salt of valsartan B, c. was

performed by X-ray powder spectroscopy using two different instruments and two different
charges produced with the evaluation of the interlattice plane intervals. The first instrument
was a powder diffractometer PW 1710 from Philips Analytical X-ray, 7602 Almelo, NL. The
second instrument was a Guinier camera FR 552 from Enraf Nonius, Delft, NL on a X-ray
film in transmission geometry, using Cu-Ka, radiation. The first instrument has been
calibrated with the Guinier camera, the corrections ranging from +0.55A for a d-value of 16 A
to +0.02 A for a d-value of 5.7 A. No corrections were necessary for lower d-values. The
characterization of the trihydrate of the calcium salt of valsartan B¢, with the interlattice
plane intervals is as such, whereby, in the following values are indicated with the appropriate
error limits. The intensities of the d values are given in brackets with the following
abbreviations: very strong = vst; strong = st; medium = m; weak = w; and very weak = vw.
d in [A]: 16.2+0.3(vst), 11.5+0.2(w), 8.9+0.2(w), 9.4£0.2(w), 9.0£0.1(vw), 8.13+0.1(vw),
7.78+0.1(vw), 7.040.1(vw), 6.50£0.1(vw), 6.09+0.05(vw), 5.79£0.05(vw), 5.18£0.05(vw),
4.95+0.05(vw), 4.74+0.05(vw), 4.16+0.05(w).
The characteristic reflections in the X-ray diffraction diagram show the following interlattice

~ plane intervals:
d in [A]: 16.24£0.3, 11.520.2, 9.9+0.2, 9.4+0.2, 7.04+0.1, 6.50£0.1, 5.79£0.05, 4.74+0.05,
4.16+0.05.

Another polymorph of the trihydrate of the calcium salt of valsartan namely the B;c. has a

melting point measured with a heating rate of 10K-min”™ in a hermetically sealed sample cell
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0.5 valsartan was determined with a thermobalance from Perkin-Elmer Corp., Norwalk, CT USA,
named TGS-2 with a value of 9.8+0.5%. The total formula was calculated from this bound

water content for the polymorphic from Bg g, With (CasHz7NsO3)*Ca®" - (2.920.3)H,0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss
for the trihydrate B¢, as a function of temperature, was measured at a heating rate of 10
K-min™. The resuits for the polymorphic form B c, of the trihydrate of the calcium salt of

valsartan are illustrated in table 5.

Table 5.
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Measurements of the infrared spectrum were performed by means of ATR-IR (Attenuated
Total Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from Perkin-
Eimer Corp., Beaconsfield, Bucks, England.

The trihydrate of the calcium salt of valsartan Bz ca has the following ATR-IR adsorption
bands expressed in reciprocal wave numbers (cm™):

3594(w); 3309(w); 3053(w); 2959(w); 2930(w); 2870(w); 1621(m); 1577(m); 1505(w);
1458(m); 1416(m); 1405(m); 1354(w); 1301(w); 1273(w); 1210(w); 1179(w); 1138(w);
1104(w); 1099(w); 1012(w); 1003(w); 974(w); 941(w); 906(w); 856(w); 841(w); 756(m);
737(m); 667(m).

The intensities of the absorption bands are indicated as follows: (w)=weak, (m)=medium,
and (st)=strong intensity.

The characteristic absorption bands of the ATR-IR spectroscopy for the polymorphic form
Bs ca Of the trihydrate of the calcium salt of valsartan are shown by the following values

. . Y.
expressed in reciprocal wave numbers (cm™):
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the appropriated error limits. The intensities of the d-values are given in brackets with the
following abbreviations: very strong = vst; strong = st; medium = m; weak = w; and

very weak = vw.

d in [A]: 16.0£0.3(m), 15.0£0.3(vst), 11.6£0.2(w), 9.9£0.2(vw), 9.4+0.2(vw), 8.02+0.1(vw),
7.53%0.1(vw), 7.02+0.1(vw), 6.47+0.05(vw), 6.11+0.0.5(vw), 4.50£0.05(vw), 4.34+0.05(vw).
The characteristic reflections in the X-ray diffraction diagram show the following interlattice
plane intervals:

d in [A]: 16.0£0.3, 15.0£0.3, 11.620.2, 9.4+0.2, 7.53%0.1, 6.11+0.05.

Surprisingly, another new substance has been found, assigned with D, ¢, beeing the di-
(calcium salt of valsartan) pentahydrate. The melting point of this new substance Dy ¢, is
Tws = 210£2°C measured in a closed sample cell with a heating rate of 10K-min™ and with a
DSC called Pyris 1 from Perkin-Elmer Corp., Norwalk, CT, USA. With the same instrument
and the same procedures as above explained, the heat of fusion was determined. The heat
of fusion is for the di-(calcium salt of valsartan) pentahydrate for a 100% crystalline
di-(calcium salt of valsartan) pentahydrate is approximated with 94kJ-Mol™.
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The solid state characterization of the di-(calcium salt of valsartan) pentahydrate D4 c, was
achieved with a Guinier camera (FR 522 from Enraf Nonius, Delft, NL) on an X-ray film in
transmission geometry, using Cu-Ka, radiation at room temperature. Evaluations of the films
for calculation of the interlattice plane intervals are made by a line-scanner (Johansson,
Taby, S), and the reflection intensities are determined simultaneously. The reflections in the
X-ray diffraction diagram could be evaluated to the following interlattice plane intervals d,
whereby values are indicated with appropriate error limits. The intensities of the d-values are
given in brackets with the following abbreviations: very strong = vst; strong = st; medium =

m; weak = w; and very weak = vw.



given in brackets with the follow ng abbreviations: very strong = vst;
strong = st; nmediumm weak = w, and very weak = vw. WD 03/ 066606
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measurement conditions. The instrument used for the calorimetric data is throughout a DSC
Pyris 1 (Differential Scanning Calorimeter) obtained from Perkin-Elmer Corp., Norwalk, CT
USA . The measurements are performed with samples enclosed in a sealed gold specimen
container with an internal free volume of ca. 22 microliters, with a sample weight of 2 to 4 mg
and with a heating rate of T, = 10K-min™. The melting point of hexahydrate of the
magnesium salt of valsartan in the polymorphic form Aqyg is 130+3°C and the enthalpy of
fusion is 455 kJ-Mol™. The hexahydrate of the magnesium salt of valsartan as the
polymorphic form Ay g reveals the following loss of water as a function of temperature in
using the method of thermogravimetry. The instrument used was a TGS-2 (Perkin-Elmer
Corp., Norwalk, CT USA) and the measurement was performed in a water free atmosphere.

The heating rate selected was 10 K-min™. The weight loss is illustrated in table 7.

Table 7
0.1%0.1
50 1.0+0.3
75 6.8+0.5

100 14.1+£0.5
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fromthe Interlattice plane

The solid-state characterization of the magnesium salt of valsartan for the polymorphic form
of the hexahydrate A4y is achieved by a X-ray powder pattern and by the evaluation of the

reflections into the interlattice plane intervals. The measurements have been made with

three different X-ray instruments. The first instrument used is a Guinier camera (FR 522
from Enraf Nonius, Delft, NL) on an X-ray film in transmission geometry, with a Cu-Ka,
radiation at room temperature. Evaluations of the films for calculation of the interlattice plane

intervals are performed with a scanner from Johansson, Téby, S and the reflections

intensities are determined simultaneously: The second instrument used for X-ray

measurements of the new substance A,y is a temperatur-humidity powder diffraction
chamber X'Pert from Philips Analytical X-ray, 7602 Almelo, NL equipped with a low and
medium temperature attachement from Anton Paar GmbH, A-8054 Graz. The third
instrument applied in the solid state characterization is the powder diffractometer PW1710
from Philips Analytical X-ray. 7602 Almelo, NL. The characterization of the polymorph Ay of
the hexahydrate of the magnesium salt of valsartan is achieved from the interlattice plane

intervals d of the ascertained X-ray measurements. In the following d values are listed with

the appropriate error limits. The intensities are given in brackets with the following

abbreviations: very strong = vst; strong = st; medium = m; weak = w; and very weak = vw.

d in [A]: 19.6+0.3(vst), 16.6£0.3(vw), 10.3£0.2(vw), 9.8+0.2(m), 7.3+0.1(w), 6.9+0.1(vw),
6.01£0.05(w), 5.92+0.05(w), 5.55+0.05(vw), 5.38+0.05(vw), 5.23£0.05(vw), 5.15+0.05(vw),
5.050.05(vw), 4.90£0.05(m), 4.54+0.05(vw), 4.22£0.05(vw), 4.13+0.05(vw), 4.0710.05(w),



intervals d of the ascertained X-ray neasurenents. In the followng d
values are listed with the appropriate error limts. The intensities are
gi ven i n wpaskeisss Wit h the followi ng abbreviations: veryPSTEPI0O4VSt ;
strong = st; nedium=m weak = w, and_very weak = vw. d in [A]:

19. 60. 3(vst), 16.60.3(vw), 10.30.2(vw299.80.2(n), 7.30.1(w), 6.90.1(vw),
6. 010. 05(w), 5.920.05(w), 5.550.05(vw), 5.380.05(vw), 5.230.05(vw),

5. 150. 05(vw), 5.050.05(vw), 4.900.05(m, 4.540.05(vw), 4.220.05(vw),
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reveal the charthbevkidrenbaidns in theo-kgl diffractiondifgshm réded thesfollaingplede 10. 30. 2,
9.80.2, 7.30.1, 6.010.05, 5.920.05, 5.550.05, 5.380.05, 4.900.05,

4. 130. Olteralg70. 05, 3.430.05. The substance in formof the tetrahydrate

_I?ﬁ My ig 3,ﬂ[ﬁg§i{g_gm§y1’\;¢é@g@h @,hm@p_()sz),lg_zlutlocn,.n?ﬂﬁq.1,rﬂgﬁa?ﬂ&&%DDSoﬁ.S?ﬂ.@&r t an. f
e tetrahydrate shows e 0 ss of water as a function o
t enper aP@ta0-9BLGPER O 4-?13@-94\&9%@&5&3%@%%@%- 2 (Perkin-El mer Corp.,

Norwal k, CT USA). The heating rate selected was 10K-mn 1. The wei ght | oss
is tabulated in table 8 Table 8 Tenperature [C i ght_].oss, or water

| ossn, oiThe sgisstancepin fomspobihg tetrphydraiesBewes amaﬁ'a"gébO\é’ﬁ?%s 6913‘90@5% 11.1 0.5
150 12. agﬁe%um]s%ﬁ ok YaRartsh. The 20Panydrate BOupshodd e Bllowing Idss 2 Dlitskhs@ 0. 5

275 14. .
function of temperature measured with a thermobalance TGS-2 (Perkin-Elmer Corp.,

Norwalk, CT USA). The heating rate selected was 10K-min™*. The weight loss is tabulated in

table 8.
Table 8

25 0+0.1

50 21+03
75 6.5+05
100 9.5+05
125 11.1+£05
150 120+ 0.5
175 125+ 0.5
200 12.8 £ 0.5
225 13.0+ 0.5
250 13.6 £ 0.5
275 14305

The magnesium salt of valsartan in the polymorphic form of the tetrahydrate By yg is showing
a bound water content at 225°C of 13.0£0.5%, and as shown for 25°C in Table 8 practically
no additional free water is present in the substance B4y, The measurements were
performed with a thermobalance TGS-2 of the Perkin-Elmer Corp., CT USA. The total
formula is therefore calculated as (CasH27NsOs)*Mg™ - (3.8+0.2)H,0.

The solid-state characterization of the tetrahydrate of the magnesium salt of valsartan By g
has been performed with an X-ray instrument by a so-called temperature-humidity powder



The magnesium salt of valsartan in the polynorphic formof the tetrahydrate
Bl, My is showng a bound water content at 225C of 13.00.5% and as shown
for 25C iwoTalb@o® practically no additional free water PSTEPeZewy7in the
substance Bl , My. The nmeasurenents were perforned with a thernobal ance TGS-2
of the Perkin-El mer Corp., CT USA. Th&lotal fornula is therefore

cal cul ated as (CZ4H27N503)2 My2+ (3.80.2)H20. The solid-state
characterization of the tetrahydrate of the magnesium salt of val sartan
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The characterization of the substance Cyyg of the magnesium salt of the valsartan trihydrate
is given with the interlattice plane intervals d obtained with X-ray measurements. In the
following, d values are listed with the appropriate error limits. The intensities are given in
brackets with the following abbreviations: very strong = vst; strong = st; medium = m; weak =
w; and very weak = vw.

d in [A]: 17.9£0.3(m), 10.2£0.2(w), 8.9620.2(m), 7.18+0.1(w), 6.97+0.1(vw), 6.810.1 (vw),
6.2420.05(vw), 5.93+0.05(w), 5.84£0.05(w), 5.72+0.05(vw), 5.59+0.05(vw), 5.42+0.05(m),
5.25+0.05(vw), 5.11+0.05(m), 5.0120.05(st), 4.820.05(w), 4.67+0.05(w), 4.57+0.05(vw),
4.49+0.05(vw), 4.30+0.05(m), 4.19£0.05(vst), 4.13£0.05(vst), 4.02+0.05(vst), 3.8820.05(vw).
The characteristic reflections in the X-ray diffraction diagram reveal the following plane
intervals:

din [Al: 17.920.3, 10.2£0.2, 8.96+0.2, 7.18+0.1, 5.93+0.05, 5.84+0.05, 5.42£0.05,
5.11+0.05, 5.01+0.05, 4.82+0.05, 4.67+0.05, 4.30+0.05, 4.19+0.05, 4.13+0.05, 4.02+0.05.
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4.670. 05(WP,0346d870. 05(vw), 4.490.05(vw), 4.300.05(m, 4. Ped/HEPFS3vRs),
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in the X-ray diffraction diagram reve@-the following plane intervals: d
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The characteristic reflections in the X-ray diffraction diagram for the monohydrate of the
magnesium salt of vaisartan reveal the following plane intervals:
d in [A]: 15.120.2, 10.9+0.2, 10.3£0.2, 7.66+0.1, 5.12+0.05.

Surprisingly, the crystalline salts of valsartan can be transformed into amorphous or partially
amorphous substances. Crystalline and amorphous froms of corresponding chemical entities
reveal different physico-chemical properties, related to the different structures of the
crystalline and the amorphous form on a molecular level. The main difference is in the
threedimensional organization of the solid particals. The crystalline particals or crystals
reveal a short distance arrangement of a given number of molecules in well defined crystal
lattice positions around each single molecule. All these first neighboring molecules of the set
of molecules within an elementry cell of a crystal are within the whole crystal lattice in the
same geometrical arrangement. The short distance arrangement of any single molecule is in
crystal combined with the low range arrangement. In contrary, an amorphous substances
reveals only a short range order for each molecule, however, the long range order is not
existing within the amorphous solid particles. A consequence of this structural facts is the

completely different behaviour of crystals or of an amorphous substance in heating up,
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ca. 22 microliters. Additional water, so-called free water could be present in the amorphous
substance, detectable by a thermobalance as well as by the enthalpy of fusion for bulk water
at 0°C. In an open sample pan or with a sample pan with a large internal free volume
compared with the sample mass and depending on the water of the substance under
investigation, the water evaporates partially or completely in transferring the chemical entity
present partially or completely into the corresponding anhydrate or into a hydrate with a
lower water content. Gold containers with a wall thickness 0.2mm were used; after weighing
the samples between 1.5 and 6mg salt hydrate, they were sealed by cold welding.

The amorphous substance of the calcium salt of valsartan E; ¢, related to the tetrahydrates
and the trihydrates has a water content of 11 + 2%. The water content is given through the
laboratory production process. The glass transition was measured with sample weights of 3 -
5 mg in sealed gold containers with a internal free volume of ca. 22 microliters and applying
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UsiNg  crystalline substance forming a hydrate. The water content is measured using

thermogravimetry, in a water-free N, atmosphere with a TGS-2 (Perkin-Elmer Corp.,
Norwalk, CT USA). The glass transition was measured with sample weights of 2 -4 mg in
sealed gold containers with an internal free volume of ca. 22 microliters and applying a
heating rate of 10 K-min™. The glass transition temperature is Ty = 78+20°C and the change

of the specific heat capacity is at the glass transition temperature Ac,=0.5+0.25 J-g*K'. No

melting point and no enthalpy of fusion could be observed.
Preferred are polymorphic forms that are essentially free of amorphous forms.
A further object of the invention is the preparation of the salts according to the invention.

The salts or salt hydrates according to the invention, including amorphous or crystalline

forms thereof, may be prepared as follows:
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acid-C, -C5-al kyl ester, such as ethyl or isopropyl acetate,
di-(C, -Co-al kyl)-ethers, such as tert.-butyl nethylether, furthernore
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acetonitrile, esters, especially C»-C;-alkanecarboxylic acid-C;-Cs-alkylester, such as ethyl or
isopropyl acetate, di-(C4-Cs-alkyl)-ethers, such as tert.-butylmethylether, furthermore

tetrahydrofuran, and Cs-Cg-alkanes, especially pentane, hexane or heptane.

The dissol\)ing and crystallising process is characterised in that

() valsartan and the appropriate base are brought to a reaction in a preferably water-
containing, organic solvent,

(i)  the solvent system is concentrated, for example by heating, if necessary under
reduced pressure and by seeding with seeding crystals or by slowly evaporating, e.g. at
room temperature or at elevated temperatures, then crystallisation or precipitation is initiated
and

(i) the salt or salt hydrate obtained is isolated.
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The solvent system used as the water-containing organic solvent advantageously comprises
mixtures of suitable alcohols, such as C,-Cr-alkanols, especially ethanol, and water.

An appropriate solvent for equilibration is, for example, an ester such as Cs-Cr-alkane-
carboxylic acid-C4-Cr-alkylester, especially ethyl acetate, or a ketone such as di-C4-Cs-

alkylketone, especially acetone.

The equilibration process is notable for example for its high yields and outstanding

reproducibility.

Especially, the alkaline earth metal salts of the present invention may be obtained in
crystalline form as explained above and are in the form of hydrates, or mixtures of hydrates,
or mixtures of hydrates with amorphous forms, from appropriate solvents that are
conventionally used in production processes, such as esters, e.g. C1-Cr-alkanecarboxylic
acid-C,-C;-alkylesters, especially ethyl acetate, ketones, e.g. di-C;-Cs-alkylketones,
especially acetone, C,-C-alkylnitriles, especially acetonitrile, or ethers, e.g. di-(C4-Cs-alkyl)-
ethers, such as tert.-butylmethylether, also tetrahydrofuran, or mixtures of solvents. By
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concentrations. Owing to the restricted water-solubility of valsartan, the process freque ly

takes place in suspensions, or if valsartan is soluble in the other solvent component, in a

solution.

In one embodiment, for example to produce the calcium salt of valsartan, an aqueous
solution of valsartan is neutralised with a calcium hydroxide solution at room temperature
and the solution is left to crystallise. In a preferred procedure, crystallisation is effected from
a solvent mixture of water/ethanol, the ethanol proportion amounting to ca. 30% to 50% by
volume. In an especially preferred form, crystallisation is effected in a closed system by
transporting through a low temperature gradient (especially 1-2°C at 40°C) in 30% by

volume of ethanol.

In a preferred variant, crystallisation may be optimised, e.g. accelerated, by adding at least

one seed crystal.
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the liquid phase in which the salthydrate is suspended and transfer the wet cake with or

without washing into a drier. The drier preferably used is a moving product drier, such as an
example a paddle drier. The conditions in the drier and for the drying process have to be

appropriate selected to obtain the salthydrate in the form to be produced.

In a preferred embodiment of the present invention, the different hydrates and polymorphic
and amorphic forms thereof can be prepared by using the thermobalance procedure as
follows:

Starting from e.g. the Agca or the Aq, vg form, respectively,

said forms are (i) dehydrated, e.g. totally or partially, for example, in a thermobalance
apparatus e.g. TGS-2, or in a temperature-humidity powder diffraction chamber, e.g. X'Pert,
or in Differential Scanning Calorimeter, e.g. DSC Pyris 1;

then (ii) equilibrated by exposure to different relative air humidities over different periods of
time,

optionally (iii) relaxed over different periods of time, and

then, if necessarey, (iv) isolated.
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The main driving force for a hydrate formation of a salthydrate of valsartan during the

crystallization or precipitation process, or during a recrystallization process as a suspension
or as a product in a drying process is the activity of the water in the liquid phase or the partial
pressure of the water in the atmosphere of a drier. The composition of the liquid phase in
which the salthydrate of valsartan is suspended and its temperature are decisive for the
activity of the water. In the drier, the partial pressure of the water is adjusted under
equilibrium or non-equilibrium conditions with conditions such as relative humidity of the inlet
gas stream, the temperature of the drier and the temperature of the substance dried, the
uptake of water or the dehydration of the substance dried, the flow rate of the atmosphere
and the mass of the substance dried. Of course, also the ratio of the water molecules to the
salt molecules at the beginning and the end of the drying process and the kinetic of the
dehydration or hydration are factors influencing the partial pressure of the water in the drier.

An additional thermodynamic parameter, which is decisive for the salt hydrate of valsartan
and the polymorphic form of the final state of the product, is the temperature. The
thermodynamic stability regions of the salthydrates of valsartan are depending also on
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influencing the partial pressure of the water in the drier. An additional
t her nodynani ¢ paraneter, which is deci¥ive for the salt hydrate of

val sartan and the pol ym)rphlc formof the final state of the product, is
the tenperature. The thernodynam c stability regions of the salthydrates

of val sg @Fét%eoﬁﬁQ)%ﬂﬂ'\Aﬂﬁdé‘éeﬁfblﬁ)@alfﬁ%%&ﬁ%&@ﬁ@@'ﬁh&%@hﬁmﬁhereﬂﬂare

tenperature, or In other words certaln salthydrates of v@sartaﬂ 6}

pol ymrms’@h@rf@foﬂw%{? tempsratyregiegiong As,an garaie: 2 spleriat srEYALP Shydisattan,
exanpl &, 8,mPheeh/sail ?J:BP&;H &I b8 FectptaiRiddediso fram DsOlutionar heYerpérature ts or
can onIy recrysta ized also froma solution if the tenperature is

sel ect e@lgﬁ%éﬁopwly The salts according to the invention may be used e.g. in
the formof pharmaceutical preparations, which contain the active

substance e.g. in a therapeutically effective Em?unt of the gCtll ve
subst an'Elag S@bta%ﬂ@iﬂwott%@Vﬁ@tlon\lﬂ"@ﬁb%.l}%? galdhe forg) PhPhRERRURle carrier,

for @%P!ar%t ?S‘ﬁst vhith édf‘\%ﬁrgﬁ‘ié' &ctifé s%@é’rﬂiece %Sﬁlal tHe@be@ﬁUallPéﬁédtlye ahmani éfqui d

phar mac Ica acceptable carrier, is suitable for enteral, e.qg.
oral, othemtlwslmsiﬂncadmtﬁméﬂwégﬁﬂﬂﬁrW'ﬁhé Pﬁﬁmﬁquﬂ?ﬁ"yécﬁ?ggb'?ﬁaﬁ'ﬁ fPeul ar to

a phar ”%*a‘?ﬁﬁlé Gt of HRGINE bP BrgaRRPESIRI oBtibrii ke olid mma@maw
a or

prefer oral  adm ni stration, optional t oget her

phar nacameptﬂﬂe sarrierc whjshabsuitable for emterabrﬁag rﬁi@éﬂf P%rsnteﬁ'@gawaﬁtr%'ﬂe of this
kind may be used for exanple for the prophylaxis and treatnent of d| seases
or conditions which may be inhibited by blocking the AT cept or
exanpl eThe mvemelate&:lomamculﬁﬁt%épbmep?%ﬁﬁ?rﬁﬁoﬁﬁ'%ﬁsl&ﬁ‘é'yé'{) g f (a)
hypert ea&%a?g unﬁoarg?e?%l%?or%?é\rédnflﬁéﬂé{foﬁ optRmaly 'fo@bih@l: Rith apPahadeulicalijr oni c.
renal fai Festendsl s after percutaneous translum nal angi opl asty, and
r est enoaceepédblecarder onary artery bypass surgery; (b) atherosclerosis,
insulin resistance and syndrone X, diabetes nellitus type 2, obesity,
nephropathy, renal failure, e.g. chronic renal failure, hypot hyr oi di sm

sur vi vaPhposacenjet araiaations of tisdind may be)used reparmple i the RIPB@%{E?%%a

hyperte I M@qh r&Heptdr fei ease
of for ng?agﬂan%?f '%i‘sggg)ﬁréqunbgrr%ﬁﬂslé%ﬁgﬁééﬁnrg%%alrﬂr%gol?oI I ovvf:’(ri?lg‘;$ hygerten5| on
(anti pr ekarhgleati ve effect of the conbination), all these di seases or

condi ti 9"Ysease or condition selected from the group consisting of
(a) hypertension, congestive heart failure, renal failure, especially chronic.renal failure,

restenosis after percutaneous transluminal angioplasty, and restenosis after coronary artery
bypass surgery;

(b) atherosclerosis, insulin resistance and syndrome X, diabetes mellitus type 2, obesity,
nephropathy, renal failure, e.g. chronic renal failure, hypothyroidism, survival post myocardial
infarction (MI), coronary heart diseases, hypertension in the elderly, familial dyslipidemic
hypertension, increase of formation of collagen, fibrosis, and remodeling following
hypertension (antiproliferative effect of the combination), all these diseases or conditions
associated with or without hypertension;

(c) endothelial dysfunction with or without hypertension,

(d) hyperlipidemia, hyperlipoproteinemia, atherosclerosis and hypercholesterolemia, and

(e) glaucoma.

Primary usages are for the treatment of high blood pressure and congestive heart failure, as

well as post-myocardial infarction.



associated wth or without hypertension; (c) endothelial dysfunction with
or without hypertension, (d) hyperlipidem a, hyperlipoproteinem a,

at her osclwpasioeséamd hyper chol esterol emia, and (e) gl auco®PaT/HPo3/om@my usages
are for the treatnment of high blood pressure and congestive heart failure,
as well as post-nyocardial infarction3!D 03/066606 PCT/ EP03/01047 -31
The person skilled in the pertinent art is fully enabled to select a

rel evant and standard aninmal test nodel to prove the herei nbefore and
herei nafter indicated therapeutic indications and beneficial effects. The
pharmaceutical activities as effected by adm nistration ntatives

of the She persen skilerbinghe gerinentartiafilly prigplegrio sRlECd F%‘?‘ﬁ&f ?’b‘i\Stg?&o{gt ive

agents Lsgfh %%P%éélfle pkdVelthe herefibRftre ahd herdinder friicatal terapestid intiedtiohsg. by
usi ng correspondi ng pharmacol ogi cal nodels known in the pertinent art. The

person &nd bengficiaheff¢fdS.pertinent art is fully enabled to select a relevant
ani mal test nodel to prove the herei nbefore and hereinafter indicated

t herapeutic indications and beneficial effects. These beneflg{_@gl ffects
can, f oﬂ'h@nbafp’la@euml activilies ae sffeaterd hyadenipigtstion i sppraseriatves 9 5@3 g

Jerem cygf r@éent'irﬂleﬂtlorf@rr &W@é&nblﬁ)@lﬁﬁ@f%hve Bdendé dsetb4acoldh®Pio the predeanpl e,

t he val ua otenti

he salts or conbinations of the
i nvent i iwentin canrt@ W@Qﬂ&ﬁﬁt@rﬁ arky qu&@%@wommw%ma&%’swﬁmﬁ% F(B‘PYVQ: an be
f ound uﬁ]' dtﬂg SERﬁeRPé& OYh D Pers6s SkildPhe p&lHQh‘t Hes 'flﬂg drableli®o séleeba :fe‘lbvbﬁt

perfo er manent coronar% artery occlusion inrats is a as a
nodel ofammahtest rrgadebtpmr@ue the afemhe&fe wﬁ@e@efﬂﬁﬁrm'ﬁaéedaﬁhsf@swq g 'Catﬁnsw th
5 treat aracterized by follow ng features: sham operated

ani mal sgﬁ@@i@@ e& ‘e CAO + a salt according to the present invention,
optionally CAO + a salt according to the present invention + a conbination

partner o JLUEL NG L e sk FH dx@MipRO b¥ JehPbPRted irftheREs WA as disclosed by
G. Jeremic et al. in J. Cardovasc. Pharmacol. 27:347-354, 1996.

For example, the valuable potential of the salts or combinations of the present invention for
the prevention and treatment of myocardial infarction can be found using the following test

model.

Study design
In the study to be performed, permanent coronary artery occlusion (CAO) in rats is used as a

model of acute myocardial infarction. The experiments are carried out with 5 treatment
groups characterized by following features:

» sham-operated animals

* CAO + vehicle

» CAO + a salt according to the present invention,

optionally

« CAO + a salt according to the present invention + a combination partner.

During the study following variables are measured:

s infarct size

» LV chamber volume

« interstitial and perivascular collagen density in spared LV myocardium

« COL-1 and COL-lIl protein content in spared LV myocardium by Western blot
« cardiomyocytes cross-sectional area and length in sections of LV myocardium



infarct size LV chanber volune interstitial and perivascul ar coll agen
density in spared LV nyocardium COL-1 and COL-I11 protein content in
spared L\Wwowomessdé um by Western bl ot cardi onyocyt es cro®sTaPoyionnl area
and length in sections of LV nyocardi um WO 03/ 066606 PCT/ EP03/01047 -32
pl asma concentrations of renin and alddsterone wurine concentration of

sodi um potassi um and al dost erone bl ood pressure in conscious animals LV
and carotid blood pressure in anesthetized animals. Methodol ogy I nfarct
size: Six_pmthi ckt ns | sections of the left ventricle
are staj Pl'@%"a\ﬁo?%enﬁﬁ %{ﬁfgﬁﬁ%}. dcﬁsl?ﬁfj“r)nﬁé;nd acquired by a Bl WXC 77CE CCD
vi deo cammeacc(r@eme)tlon'm(sodlua%ODtaSﬁgmléﬂ’dgﬁédqséerpﬁ%cessed on a KS 300 i mage
anal ysi 5%@5@%%&% Icoggdloqfs a\‘q"ﬁélgn) using a software specifically

devel ope rzio . A single operator blinded to treatnent
i nt er act FVeng caetid @&@dtmesmwb%rﬁsw%ﬁd gH@2lsnt erventri cul ar septum and
the infarcted area on each section is semautonatically identified as the
area of Méﬂ'ﬁ)?i 9d ventricular tissue. The software automatically

S

cal cul ates for "each conponent of the ventricular _section defined as the
chanber |nfakssize; Sinperibickdraaserse hisioledicad aegtionggf thedefyventage are sieiRgd| | a

set of G!fﬂf?ﬁﬁuto%h%tetp YA Sac(qﬁ’ %&'-b;?a%tlw@k .77ER95ED videdlcahRey (s dﬁﬁ}”‘rﬁe are

fixed in si etrograeper usi on W|t buf f ered 4%forrra after
arrest resuulngsmag;eenswwessed onjadts B%lr@ageoar@wsrqyrstenmaélrzq'$%<\éﬁlpahUS'W\é | ef t

ventri ngfﬁ&%rg)srqgaﬁw (ﬁ/ G@vél&ﬁ@d Fio 8f af!, 2995)' ngngé'ﬁp@fﬁé)r%hﬁﬂﬁi RARSHIRER! Y

wei ghed; aneter rreasure a caliper. LV histol ogical
sect i onmt«aaetl\@tyedaﬁads et Wuﬁéﬁm&)@é’yw mtﬂv%'ﬁ'éq?llhrf?(ﬁpt%él"ﬂtt'&@ infascted @A At i on

and to gg@?éécﬁ%n ﬁe‘#ﬁ@ﬂ%ﬁﬁf I&érﬂ’ﬁ d 3 91%'&985‘& GhfAndd VdhiAcukftiss@a!t prat ed

I mage analySis r |t|a en deposition in LV is eval uated
on Siri ssftware autraaticetly @aimlat@ﬁﬁor\mapln camgémﬁni althenentiguipnagmion dalifed as

routine,(Ngs, E‘ésegﬁlm dnf]a?()car rea P0G VAR Ak via dme LV v 86t dneegigicum

LV tissue in rumis honmpgeni ze subjected to PAGE- SDS

el ect r ophaneters (Romticedtett ﬂ%Qﬂ)otted onto nitrocel lul ose nenbrane. The blots
are exposed to primary antibodies, i.e. ‘rabbit anti-rat collagen type | or
type I 1 | antiserum (Chenicon). The primary anti bodi es are recogni zed by
secondaHjstology: Hearts are fixed in situ, by retrograde perfusion with buffered 4% formaldehyde

after arrest in diastole by i.v. injection of 0.5 M KCI. After fixation, the left ventricle (LV) and
the free wall of the right ventricle are separately weighed; LV longer diameter is measured
with a caliper. LV histological sections are stained with hematoxylin & eosin for qualitative
examination and to quantify cardiomyocytes cross-sectional area with a semi-automated
image analysis routine. Interstitial collagen deposition in LV is evaluated on Sirius red
stained sections with a semi-automated image analysis routine (Masson et al., 1998).

Collagen content in LV spared myocardium: LV tissue in the spared myocardium is
homogenized, subjected to PAGE-SDS electrophoresis and electroblotted onto nitrocellulose
membrane. The blots are exposed to primary antibodies, i.e. rabbit anti-rat collagen type | or
type 11l antiserum (Chemicon). The primary antibodies are recognized by secondary
antibodies conjugated to alkaline phosphatase (for colagen type I) or peroxidase (collagen

type lll).

Left ventricular chamber volume: LV chamber volume is determined in hearts arrested in
diastole (KCI) and fixed in formalin under a hydrostatic pressure equivalent to the measured
LV end-diastolic pressure. A metric rod is inserted into the LV to measure LV inner length.



anti bodi es conjugated to al kaline phosphatase (for col agen type 1) or
peroxi dase (collagen type IIl). Left ventricular chanber volume: LV
chanmber wWsDwa®6d686 det ermi ned in hearts arrested in diast eCe/Eps&bo4and
fixed in formalin under a hydrostatic (%ressure equi val ent to the neasured
LV end-di astolic pressure. A netric rod”i's inserted into the LV to neasure
LV inner | ength. WO 03/066606 PCT/ EP03/01047 -33 The transverse di aneters
of the LV chanber are nmeasured in two 1-mmthick transverse sections near
to the Diamdramscerséeianersaf thehle/ viearbércre medsurediic tved 1-atm tHiSOBInsvErse
chanber _ vol une ut ed rom an uatlon tegrati erse

i anet ereS0an Teah FRTRge A Weelhy 0% Wil |4l 2 eliisooR dhbchithess:
m cr ot i pofuhesis tomputealfeahy areqafidn integriRG13A)ersodinmeters ahd inmer oagtider
(Wndograf, Gould Electronics) is inserted into the right carotid artery
to record systolic and diastolic blood pressures. The pressure transducer

(CveDr) Sridulirut £ OF yetric BB G ch koo plsls heflcs AR O G
and hear3PG-32@). CdNoactethae recordarBbingagsafsGreld mmlos):{smmd mtesmjri@wtand
heart rabg: i%ra‘?teﬂﬁﬁﬁ‘éwr‘a sgé’toﬁ@?nd &IgétbL&HBI)d B%%Ql%‘é s( *Fﬁé'g g tﬁ%@@?;? !

consci ous rats. ?’IOUSGd

in net atﬁsiwara,ce@a@eéh%hu tczmeﬁsurﬁrh\h@/swm(le\&%)@ww mstpl@ (LMEDP\)\afe@lsumst ake

| s measurefirst 4EivaBve of I0f PRisalifetver fhe (+dpriit) aRd @da@ratgondel ut C18 col umtms
(Vvarian), separated by HPLC (Apex-11 C18, pm 50x4.5 mm anal yti cal

col um, Jones Chromat ography) and quantified with an el ectrochem cal
det ect orNdri-mvasivedstobdd prdsSaye:( Spdtdiict ldood pressure and B8ant ratPlases measurdd Wy itine

al dost enong %@%o@l(F%E%OL?%@ﬁBC?&%mobs tsg determned with specific

radi oi munoassays orirn and Angiotensin I, N chols
Di agnostics). Wine sodium and potassium are neasured by fI anme

phot onetypme seBRbR/tS, %%rﬁagnéé" Ra{ssaranﬁl.wmyﬁougboqﬁ%&wafca%g aty SAIRS are
sufficient to detéct biolo ficant differences rats with

|
o i nf arEineGlRsiast o M1 EI BN, QHEiSF A 1 s uiedorh IRPERISCRPBMIAS ailed | 1 ¢ he
final aretrgsted on BuodeloeCh@koldyss l(Ma:iart),rBepardm bl;gHEt@r(Apéﬁﬂgnd agma critical

fact or ' scul ar The ~endot hel i.u dal role as the

Sour oo GO B RaERAGALE, Jore GBI R BinBeryMBRncct o

vasodi | aiiecxhnclamrﬁcalackahmbm(t)oubtm@n Il, EBRA) t(Bd)ldsiemcat aphr198d).i Blasmh apdairink,
aldosterone, and plasma angiotensin Il is determined with specific radioimmunoassays

(Aldoctk-2, DiaSorin and Angiotensin I, Nichols Diagnostics). Urine sodium and potassium
are measured by flamme photometry.

Sample size
10 animals analyzable in each treatment groups are sufficient to detect biologically

significant differences. Only rats with an infarct size of at least 10% of the LV section area
are included in the final analysis.

Endothelial dysfunction is being acknowledged as a critical factor in vascular diseases. The
endothelium plays a bimodal role as the source of various hormones or by-products with
opposing effects: vasodilation and vasoconstriction, inhibition or promotion of growth,
fibrinolysis or thrombogenesis, production of anti-oxidants or oxidising agents. Genetically
predisposed hypertensive animals with endothelial dysfunction constitute a valid model for
assessing the efficacy of a cardiovascular therapy.

Endothelial disfunction is characterized by, for example, increased oxidative stress, causing
decreased nitric oxide, increased factors involved in coagulation or fibrinolysis such as



fibrinolysis or thronbogenesis, production of anti-oxidants or oxidising
agents. Genetically predisposed hypertensive aninmals wth endotheli al
dysfunctiwp osoeasbé t ute a valid nodel for assessing the efPCirdERoyowi7 a
cardi ovascul ar therapy. Endotheli al dié)%functi on is characterized by, for

exanpl e, increased oxidative stress, ‘¢ausing decreased nitric oxide,

i ncreased factors involved in coagulation or fibrinolysis such as WO
03/ 066606 PCT/ EP03/01047 -34 plasm nogen activating inhibitor-1 (PAI-1),
ti ssue flasrhinogdnTadtivatingsinhibitgrt héFAlIH) dissua fadtardiT6). tisguerpipsminggereacvataidhesi on

nmol ecul such as | CAM.and V i , : WHES bFGF,
TGFb, , Ingeeaged Qgﬁeﬁ’%wﬂﬁgﬁ%ﬁgﬁéf(@; aagowt F}m’i'{\] F%fcn%g;qrf)on aﬁ%§S

f i br osi §ch HsdFGRIGRN PDSR) VEGF, @il daxtdre Icaasing gelf giopth flammatipe adénonst r at ed
in the following pharnmacol ogical test: Material and nethods Mal e 20-24
week- ol ¥PreR  purchased from RCC Ldt (Fullingsdorf, Switzerland), are

mai ntained in a tenperature- and |ight-controlled roomwith free access to

h f i tzerl : i
<" por { Bhevbernte Boptemaien iy TiedCRe AN B Rk Re AT P R T TE™

Cant on ﬁ}l‘abé]g?iyalqééti ce (Bew 161, Kantonales Veterinarant, Liestal,
Switzerl and). | rats are treated with the NO synthesis inhibitor L- NAME
(Sigma Chemical s) adm nistered in drinking water (50 ng/l) for 12 weeks.
The avggeyal s ythdase of L- NAMVE cal cul ated fromthe water consunmed was

2.5 ng/ kg/d_ (range A-2. 7)., The rat n s [IYY s or..3 groups:
group 1M%Le0%ﬂ'?‘gl"’g?'ﬁ°é é"% p&gja,se rSU'bﬁE,&q'agtglglflqj'{g\éggﬁ’ﬁdcql&tﬁga%dg' %rﬁe pr esent
i nvent i gRIntdingd 1A-DtermpR}atuieoand RgtiticogtrallzairbomtvitfeeeGrazags B rat cmvb(Nedag on
partner:(n = e.g. 3Q). The drugs are adm nistered i | ki L4, dhe
pressur 85% @éﬁg‘bfs"ﬂ)”rﬁﬂ?qd?é’f'd ﬁpﬁ%ﬁg ‘E’Bet 3¥Wé'mqng'sc6c?ﬁfto%%@h’n%?xr)r{)d[ag%g?”\'}g rats
can be fl%q'(m;ﬂjbideﬂiﬁéﬁénd !léﬁﬂbmtﬂ[by thetGantors b terinarg offite {Bew d 61 hisanioraemt
invention (Gervais et . 1999). Bo ight, i r Y] . ¢
Syst ol  elstiganaedel Swirianah AT AR Sl HERC SR ET iRt
p:c et hys W M3 ChBrhicals)eakinistefearie ddiling watpr (emgtiidy 12meeks. Phereeks
after rug administration. _Ujine is collected over 24 I rom
rats kepYerage fally, qﬂsﬁL?éF"\?'{MElca{‘}Bllafeé)fr% w?tﬁéc%gweﬁe\q{agrggﬁgé@q% ﬂ%ﬂgé
treat nepty.apg, at weeks 4 and 12 for volunme neasurenent and protein,
creatinine, sodiumand potassium determ nation using standard

The rats can be divided into 2 or 3 groups: group 1, control (n = e.g. 40); Group 2, a salt

according to the present invention; n = e.g. 40); for testing combinations Group 3,

combination partner;(n = e.g. 30). The drugs are administered in drinking fluid. The

pressure effect of Ang Il at 1 mg/kg obtained in controls normotensive rats can be reduced

after treatment with a salt according to the present invention (Gervais et al. 1999).

Body weight is measured every week. Systolic blood pressure and heart rate are recorded
by tail cuff plethysmography 3 and 2 weeks before starting the study and at 2 weeks after
drug administration. Urine is collected over a 24 hour period from rats kept in individual
(metabolic) cages the week before starting treatment and at weeks 4 and 12 for volume
measurement and protein, creatinine, sodium and potassium determination using standard
laboratory methods. At the same time points, blood samples are withdrawn from the retro-

orbital plexus (maximum 1 ml) for creatinine, Na" and K assays.

Ten rats from each group are sacrificed at 4 weeks for collection of kidney and heart for
morphological analysis. The remaining rats are sacrificed at 12 weeks. Cardiac and kidney



| aboratory nethods. At the sane tinme points, blood sanples are w thdrawn
fromthe retro- orbital plexus (maximum 1l m) for creatinine, Na+ and K+
assays. Twp mat®od rom each group are sacrificed at 4 week®Cr@poyoiohecti on
of kidney and heart for norphol ogical analysis. The remaining rats are
sacrificed at 12 weeks. Cardiac and k13§n'ey WO 03/ 066606 PCT/ EP03/01047 -35
wei ght is recorded. Term nal blood sanpling is perfornmed in 5 % EDTA at 4
(norphonetry study) and 12 (end of the study) weeks for al dosterone,

Ck’e{ erg\&]? hi38 rd&ﬂ'ﬁrﬁiﬁﬂé‘i‘%éé@ympm’fg @g)eafomsa mca% E:Bmum (mbgphsmetrpne- Rl A
| u

W t zer| and Statisti cal ana AEO § g are ex ressed
as rreanstudsalﬁndStZa(@ﬂ%Pf baistugyhweekssior aldgaterqiie %teUE'inﬂ i\ yo'?"fl S\
fol I owed %}’ DE SRR SR AR RNEANBit (BEInRAE, Swiseiend): Keul s t est, 7f or
conpari $o etvveen the different groups. Results with a probabi I|ty val ue

of less than 0.05 are deemed statistically significant. An inprovement of
regressg&%sﬂgalag osclerosis without effecting the serumlipid |evels
can, o-r—ex-a'rrp'l"eri—aﬁé—denonstrat ed bé usi ng the ani mal nodel as di scl osed by
H. KanoAHadataIare expreSiasicisomeaat M Biagplina ?'&%YS'ER’.?%HP%‘* AicBatY®hs 259,
414-419 ﬂb?;@ﬁ}%lowgéfb ta%rﬁ%h%%tﬂﬁpl&?éﬁﬂeﬁéﬁt‘éﬁﬂ% REWREAIKRAIs et or pr esent

|nvent|% QWEsel ot regression of a cholesterol diet-in %ed
at her oscoraparison betveaentibe disierans graupsd Restifgwitha prebapilityaig © d"e’?’ép?'b e.g.,

by C. Jian parmacol . (1991), 104, 1033-1037. That the
salts of ‘%ﬁﬁf r?gﬁt?tghga@gc%rﬂfcfaﬁg to the present invention can be used for

the treatnent of renal failure, especially chronic renal failure, can be

Sour nal AB i el Eimath drorsEshn o RihodRR6Lis By Micind M @e'f“ﬁ%he "'?E'Sgln a
phar mac ea, iferéxampls deatsmanstraied by using the apiesl megel @ﬁa@ls‘é‘éﬁ?@ i

phar el oL Bl G SHASRARGRN CAhuRkSRASS ol a4 TBvSD) o e 55

for exaltp convent1 onal 'm xI ng, granul ating, coating,
di ssol ving or Iyoph| i sing processes, and cont ain fromabout 0.1 %to

100% ez‘Bgﬁ-?glslg%sD% %n%cbz\pé%qﬂh %C(./&'&IR E[’tg’métpr EntldnY&WHé hsealfesthep to 100%

of the g Aventi on o mi ar relates to conpositions
cont ai nréygesdion ofad d:rml@tefordjehgdlu@dta‘ﬂeerowlﬁ@ﬂﬁi Q?fﬁ‘ bergrmensiraied UsiostPaitesty | y

relates to the Us&s &g tOPCcSRhhSAAGAEH NPHamb&S. (189AN10AN0BE-9ber.abl y for

That the salts or combinations according to the present invention can be used for the
treatment of renal failure, especially chronic renal failure, can be demonstrated using the test
model described, e.g., by D. Cohen et al. in Journal of Cardiovascular Pharmacology, 32:

87-95 (1998).

The present pharmaceutical preparations which, if so desired, may contain further
pharmacologically active substances, are prepared in a manner known per se, for example
by means of conventional mixing, granulating, coating, dissolving or lyophilising processes,
and contain from about 0.1% to 100%, especially from about 1% to about 50%, of

lyophilisates up to 100% of the active substance.

The invention similarly relates to compositions containing the salts according to the

invention.

The invention similarly relates to the use of the salts according to the invention preferably for

the production of pharmaceutical preparations, especially for the prophylaxis and also for the



t he production of pharmaceutical preparations, especially for the

prophyl axis and al so for the WD 03/ 066606 PCT/EP03/01047 -36 treatnent of
di seases wp 0306 i ons whi ch may be inhibited by bl ocki ngPChEPAT9108ECEPL OF .
Primary usages are for the treatnment qf high blood pressure and congestive
heart failure, as well as post- nyoca|3§| “al infarction. The invention
simlarly relates to the use for the prophylaxis and treatnent of diseases
or conditions which may be inhibited by bl ocking the AT, receptor,

char actyeitmad of Bisbheds & coﬂaitlbﬂs’wvhlch madyLtsk |ng|bmed1b|yrblnclﬁ|ag therAT; reeqpior i ng such

Sai 1 adbbaN HaPuRs R it s dhe e o HERBRRR e e torEr e e O

one CordestFjOQfln{ygéarﬁm"ﬁa’reﬁﬁnTent of cardi ovascul ar di seases and reI at ed
conditions and di seases |isted herei nbefore or hereinafter. The invention

simlarly relates to conbinations, e.g. pharmaceutical conbinations,
cont ai nFH’égnvéhtléﬁ kimiRtly ré&igteB 6 gRNUsel fbr/mﬁtprmhymxml andeeeatmentxd diseases or

phar maceut | cal acce tab S | east one
corrp03|ct°in6'|ti°$%w héf‘at Lr'gﬁ?c%Y b%’&'ﬁ'ag g??aéfﬂfaﬁ?p 2 g@ ?gtg"%%n&d'n tﬁéetlalat ed
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condi t 'Mﬂ?aﬁéﬁ&t@hé%@ﬁ?ésnﬁén or Hieceatiehtofiaediovascular dissasien aht eelatedr i n each
case a pharmaceuti cal salt ther of are |ikew se objects of

acce ta.bh
t he pre@%’ﬁﬁ'oﬂﬁﬁﬁf"ﬁﬁﬁsesﬁﬁ? elere? NS # e rade for exanple with the
foll owi ng conpositions, selected from the group consisting of a: (i)

HVG- Co- A reduct ase j nhi bj t [ bl f,
(1) arEpeoesriion SElB RS o ARy RaUatses & ARBREGI el canpRaia: i) 7°

accept abkgy §ﬁ|1é presBAf iﬂ‘?éntloﬁ'dr ||r) edcN &iseA gHaanacdutibhiyciceeptableaalt thereof in
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ant agonjsphe PEorflitRR8 B GRisbb A4 listed RGRinbBlofe Bﬁlhéreihbﬁéreoﬁ in elach Laskual
angi otensin converting enzyne/ neutral endo | bitor or

a phar phareaceutispiiyaceeptgblegalidherget @‘P\'B B8 °e’%("\’) ‘:é'rF(?BIpI‘?N%P'}i ‘Lé’ﬁ goni st or

a phar r@&ﬁ%hfﬁ'daﬁl@\%%@kﬁ&%@asﬁﬂéndtr@@féﬂcﬁcondltlbl\fs amd dis€aien astibieli t or or a
phar maceut i ca acceptable salt thereof, and
herelnbefore or herelnafter or in each case a pharmaceutically acceptable salt thereof, are

likewise objects of the present invention.

The combination may be made for example with the following compositions, selected from
the group consisting of a:

(i) HMG-Co-A reductase inhibitor or a pharmaceutically acceptable salt thereof,

(i) angiotensin converting enzyme (ACE) Inhibitor or a pharmaceutically acceptable salt
thereof,

(i) calcium channel blocker or a pharmaceutically acceptable salt thereof,

(iv) aldosterone synthase inhibitor or a pharmaceutically acceptable salt thereof,

(v) aldosterone antagonist or a pharmaceutically acceptable salt thereof,

(vi) dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP) inhibitor or a
pharmaceutically acceptable salt thereof,

(vii) endothelin antagonist or a pharmaceutically acceptable salt thereof,

(viii) renin inhibitor or a pharmaceutically acceptable salt thereof, and

(ix) diuretic or a pharmaceutically acceptable salt thereof.



(ix) diuretic or a pharmaceutically acceptable salt thereof. WO 03/ 066606
PCT/ EPO3/ 01047 -37 HMG Co- A reductase inhibitors (also called

( 3- hydr oxwyo(03nembhyl gl ut aryl - co-enzynme- A reduct ase i nhi biPCOEP)3/exne7
understood to be those active agents that nay be used to lower the Ilipid
| evel s including chol esterol in blood.37Fhe class of HMVG Co-A reduct ase

i nhi bitors conprises conpounds having differing structural features. For
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each case ' gptable salt thereof. Preferred HVG Co-A
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preferred is fluvastatin and pitavastatin or, in each case, a
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group ’'consi's cepril, ‘benazepril,
benazeptheftedf., captopril, ceronapril, cilazapril, delapril, enalapril,
enaprilat, fosinopril, imdapril, lisinopril, noveltopril, perindopril,
quinapril, rampril, spirapril, tenocapril, and trandolapril, or, in each

case, aPpifarotidEMG-Codl legudtase jphiblifbes arathosetagenisorhictphaedhqeadmatketed nmos t or s
are those_ agents . that. . t t RZEw 1 |
and enaPrgfﬁr 1S %Veasgit'gg%\ég%ﬂgg% %ﬂﬁé#é(@n I glﬁé’cao@r{paﬁﬁgéééﬁ ia%ﬁzrcgE%?i di nes
(DHPs) weteofion- DHPs such as diltiazemtype and verapam | -type CCBs. WD
03/ 066606 PCT/ EPO3/01047 -38 A CCB useful in said conbination is
preferably a DHP representative selected fromthe _

The interruption of the enzymatic degradation of angiotensin | to angiotensin Il with so-called

ACE-inhibitors (also called angiotensin converting enzyme inhibitors) is a successful variant

for the regulation of blood pressure and thus also makes available a therapeutic method for

the treatment of congestive heart failure.

The class of ACE inhibitors comprises compounds having differing structural features. For
example, mention may be made of the compounds which are selected from the group
consisting alacepril, benazepril, benazeprilat, captopril, ceronapril, cilazapril, delapril,
enalapril, enaprilat, fosinopril, imidapril, lisinopril, moveltopril, perindopril, quinapril, ramipril,
spirapril, temocapril, and trandolapril, or, in each case, a pharmaceutically acceptable salt

thereof.

Preferred ACE inhibitors are those agents that have been marketed, most preferred are

benazepril and enalapril.

The class of CCBs essentially comprises dihydropyridines (DHPs) and non-DHPs such as

diltiazem-type and verapamil-type CCBs.



group consisting of anlodipine, felodipine, ryosidine, isradipine,
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treatment of hypertension and primary aldosteronism comprises both steroidal and non-

steroidal aldosterone synthase inhibitors, the later being most preferred.

Preference is given to commercially available aldosterone synthase inhibitors or those
aldosterone synthase inhibitors that have been approved by the health authorities.

The class of aldosterone synthase inhibitors comprises compounds having differing
structural features. For example, mention may be made of the compounds which are
selected from the group consisting of the non-steroidal aromatase inhibitors anastrozole,
fadrozole (including the (+)-enantiomer thereof), as well as the steroidal aromatase inhibitor

exemestane, or, in each case where applicable, a pharmaceutically acceptable salt thereof.

The most preferred non-steroidal aldosterone synthase inhibitor is the (+)-enantiomer of the
hydrochloride of fadrozole (US patents 4617307 and 4889861) of formula



A preferred steroi dal al dosterone antagonist is eplerenone of the formula
OO O0/"* HCH3 CH3 Fi OCH Il 3 Oor spironolactone. A preferred dual
angi ot enswp osoenses t i ng enzyne/ neutral endopeti dase ( ACE/ NEPY/EPo$iobo#tor is,
for exanple, omapatrilate (cf. EP 629627), fasidotril or fasidotrilate, or,
if appropriable, a pharnmaceutically 'a%%‘épt able salt thereof. A preferred
endot hel in antagonist is, for exanple, bosentan (cf. EP 526708 A),
furthernore, tezosentan (cf. WD 96/19459), or in each case, a
phar maceut i cal salt thereof. A renin inhibitor is, for
exanpl e, i\ i nhi bitor such as the conpound of fornula WO
03/ 06660—P¢ A -40/ CH3 ' HBCCH3 OOHHICCH3 H H2N,,... N
NH O/ OO HIBC chem cally defined as
2(9),4(S),5(9), 7(S) N—(3 m \O- 2, 2- di net hyl - 3- oxopropyl)-2, 7-di (1-
met hyl et hyl ) - 4-hyd roxy- '
no- 8- [ 4- met hoxy- j"éﬁ nmet hoNy propoxy) phenyl ] - oct anam de. This
representative i ecifically .disclosed in EP 678503 A. Especially
preferred is the hem-fumarate salt thereof. A diuretic is, for exanple, a
t hi azi de derivative selected fromthe group consisting of

A preferred steroidal aldosterone antagonist is eplerenone of the formula

spironolactone.

A preferred dual angiotensin converting enzyme/neutral endopetidase (ACE/NEP) inhibitor
is, for example, omapatrilate (cf. EP 629627), fasidotril or fasidotrilate, or, if appropriable, a

pharmaceutically acceptable salt thereof.

A preferred endothelin antagonist is, for example, bosentan (cf. EP 526708 A), furthermore,
tezosentan (cf. WO 96/19459), or in each case, a pharmaceutically acceptable salt thereof.

A renin inhibitor is, for example, a non-peptidic renin inhibitor such as the compound of

formula



chl orot hi azi de, hydrochl orot hi azi de, nethyl cl ot hi azi de, and chl or ot hal i don.
The nost preferred is hydrochl orothiazide. Preferably, the jointly

t her apeutwoaBlogseed f ect i ve anmounts of the active agents acecrdiPngotoe’ t he
conbi nati on of the present invention can be adm nistered sinmultaneously or
sequentially in any order, separately#lor in a fixed conbination. The
structure of the active agents identified by generic or tradenanmes nay be
taken fromthe actual edition of the standard conpendi um " The Merck | ndex"
or fro t abases, e.g. Patents International (e.g. IM5S Wrld

Publ i catji chs). The correspondip%(pontencrghereof is hereby incorporated by
referenae. Any person skilled inm the dart i's fully enabled to identify the
active agemts and, based on thélse re erendds®, | i se enabled to

manuf acture and test the _phar =ceuticalnruﬁ tiongyand properties in
standard te nodel s, bdtN 4.0V g~ NSwVvo. he? correspondi ng active

i ngredients o rmaceuti ¢ally accept abl e sal tls t her eof may al so be
used in form® s ch as a hQdrate or Pncluding other solvents,
used ‘for cryst WO 03/ 066606 PCT/ EP03/01047 -41 The conpounds
to be cgg%%ned : predent as pharmaceutically acceptable salts. If
these c ol +€,H{@Gr exampl e, at |east one basic center, they can form
acid addition salts. Corresponding acid addition salts can al so be forned
having, if desired, an additionally present basic center. The conpounds

- var | atrescalRaed =t pi) SEER. 7 SeT Paitr 2l EpARhoy R paases I

"kit - of niéﬂfyteﬂﬂ'yclf-éf-ﬁydr@x;aﬂfrahﬁmo-Bm-Métleowem@meﬁm(y—pmpommmrlamidﬁa
|

conmbi ned according.tqQ the. present invent] i ntly or
by use. dnodPeREAvers X RBREA RAPTEE o Cpoeey | n RCr e Ve
conponeRémi-fumskate shitthdrésfeousl y or at different tinme points. The parts of
the kit of parts can then e.g. be adm ni stered sinultaneously or

chronol ogi cal |l y staggered, that is at different time points and with equal

or diff Ardabtid isIMr eRdraplé 4 thidde derivapar deledted flemithe galipansisting ¢#r ef er abl y,

the tine intervals are chgsen such that .the effect an. t di se
or conS'i“P'iOH‘r\a?ﬁ’?’t'ng&BWfﬂ%H@ﬂd%éB&BY'Cl?’hEazb%r god € OTOX}P%@ERT Eégﬂloﬁfej ef f egtS ©
that woptferkf i8lhldiodrdrdazitee of only any one of the conponents. The

invention furthernore relates to a commerci al package conprising the
conbi nation according to the present invention together with instructions

for si npldraBRithe jSipMRhatmeatically effective amounts of the active agents according to the
combination of the present invention can be administered simultaneously or sequentially in

any order, separately or in a fixed combination.

The structure of the active agents identified by generic or tradenames may be taken from the
actual edition of the standard compendium “The Merck Index” or from databases, e.g.
Patents International (e.g. IMS World Publications). The corresponding content thereof is
hereby incorporated by reference. Any person skilled in the art is fully enabled to identify the
active agents and, based on these references, likewise enabled to manufacture and test the

pharmaceutical indications and properties in standard test models, both in vitro and in vivo.

The corresponding active ingredients or a pharmaceutically acceptable salts thereof may
also be used in form of a solvate, such as a hydrate or including other solvents, used for

crystallization.



sequential use. Dosaging nay depend on various factors, such as node of
application, species, age and/or individual condition. For oral

appl i cat iwn,030b@0closes to be adm nistered daily are bet we@oTER03/00425 and
10 ng/ kg, and for warm bl ooded aninmals with a body weight of ca. 70 kg,
preferably between ca. 20 ng and 500 -fj,- especially 40ngy, 80ngy, 160ngy and
320ng based on the free acid. The invention is illustrated in particul ar
by the exarrpl es and also relates to the new conpounds naned in the
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The procedure can

The invention furthermore relates to a commercial package comprising the combination
according to the present invention together with instructions for simultaneous, separate or

sequential use.

Dosaging may depend on various factors, such as mode of application, species, age and/or
individual condition. For oral application, the doses to be administered daily are between ca.
0.25 and 10 mg/kg, and for warm-blooded animals with a body weight of ca. 70 kg,
preferably between ca. 20 mg and 500 mg, especially 40mg, 80mg, 160mg and 320mg

based on the free acid.

The invention is illustrated in particular by the examples and also relates to the new
compounds named in the examples and to their usage and to methods for the preparation

thereof.

The following examples serve to illustrate the invention without limiting the invention in any

way.



be accelerated by using a flat dish in a recirculating air drier at 40C.
After concentrating to ca. one half, the al cohol content of the solution
drops to wa.030e80by vol ume and nost of the product cryst CTIEPeF010UT | S
filtered, rinsed for a short tinme with_10% by vol une ethanol and dried at
40C until reaching a constant weight.”7<"
(S)-N-(1-carboxy-2-nethyl-prop-1-yl)-N pentanoyl-N-[2"-(1

Htetrazol - 5-yl)-bi phenyl -4-yl methyl ] -am ne cal cium salt tetrahydrate AQ, ca
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t he stavimetmlltPiP@l s, namely the tetrahydrate of the calciumsalt of
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conte
becomes turbid through the small amount of finely divided CaCOj3 , which is removed
through a folded filter. The product contained in the solution crystallises continuously upon
removal of the alcohol content by allowing to stand at room temperature. The procedure can

be accelerated by using a flat dish in a recirculating air drier at 40°C. After concentrating to
ca. one half, the alcohol content of the solution drops to ca. 10% by volume and most of the
product crystallises. It s filtered, rinsed for a short time with 10% by volume ethanol and
dried at 40°C until reaching a constant weight. (S)-N-(1-carboxy-2-methyi-prop-1-yl)-N-
pentanoyl-N-[2-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium salt tetrahydrate Agca

is obtained.

The melting point for the tetrahydrate of the calcium salt of valsartan Aqca , produced
according to the above given example for the start material, for a heating rate of 10 K-min™,
and in a closed specimen container with a small internal volume of ca. 22 microliters is
determined as Ty = 205°C and the melting enthalpy as AgsH = 92 kJ-mol™. The density of
the crystals of the tetrahydrate Agca of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-



was determned as 13.0 % A total fornula was cal culated for the
tetrahydrate of the calciumsalt of valsartan Ao,ca fromthis as
(C24H27No®B)03/v6dea+ 3.9 H20 Using thernogravinetry, in a RaErares/owe7 N2

at nosphere, the weight loss, i.e. the water loss for the tetrahydrate as a
function of tenperature, was nmeasured4i-a heating rate of 10 K-nin -' .
The results for the calciumsalt of valsartan tetrahydrate Ao,ca are listed
in the following: - Tenperature,[ G weight loss or water loss in % 25 0
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t he substance Ao,ca as tetrahydrate of the cal ciumsalt of[ al sartan: d in

. o0 ) . of wal s
[A]: 16thisrprodudiion example ig mpasuredat 207C grmethiane) asg b so .“96,0‘]5%7‘3 g8ng s,

>. 66, Sn%lgateﬁalgéat Zdl’c%ssa6.4.7/§solﬂticﬁg{c¥]§i;§339°4- 15, 4.12, 3.95, 3.91, 3.87,

3.35. Elenentary analysis gives t | owm ng neasured val ues of the
el ements present in calcium valsartan-tetrahyd rate and of water. The

vater eyal UALARBAIBR G HeLir At plIE AALE g 1OMESHOkbes Ritnd bt ns o

the ele SI’sS, W e error mts, correspond to the sum
f or mul amaGRiblsipZEmbly tbejet2hydtatepef the galsipm saltfal yalgadert Abcu$ determined By ag2

52.83 s'ie?éod-'szpe%iféz-lPLC method. The stereo-specific separation is achieved by a chiral column
(Chiral AGP). The enantiomer purity for Agc. is determined as ee = 100%.

The measurement of the infrared spectrum took place by means of ATR-IR (Attenuated
Total Reflection-Infrared Spectroscopy) using the instrument BX from Perkin-Elmer Corp.,
Beaconsfield, Bucks, England.
The characteristic absorption bands of the ATR-IR spectroscopy are listed below for the
tetrahydrate of the calcium salt of valsartan Ao c. produced according to the example SM1
with the following values expressed in reciprocal wave numbers (cm™): 3594; 3306; 2954,
1621; 1578; 1458; 1441; 1417; 1364; 1319; 1274; 1211; 1180; 1137; 1012; 1002; 758; 738;
696; 666.
The water content is in theory 13.2% for the tetrahydrate of the calcium salt of valsartan.
Using the thermobalance TGS-2 (Perkin-Elmer Corp. , Norwalk, CT USA ) the water content
was determined as 13.0 %. A total formula was calculated for the tetrahydrate of the

calcium salt of valsartan A c, from this as (CaqHzzNsO3)* Ca®"* 3.9 H,0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss
for the tetrahydrate as a function of temperature, was measured at a heating rate of 10
K-min ~'. The results for the calcium salt of valsartan tetrahydrate A c. are listed in the

following:

75 0.5
100 3.5




N 12.91 12.83 0 20.20 20.53 water 13.25 13.21 Ca 7.03 7.35 Exanple SM
(for Starting Material): Production exanple of the magnesiumsalt as the
hexahydr awe 0@deBs i n situ of (S)-N-(1- PCT/EP03/01047

car boxy- 2- et hyl - prop- 1-yl ) - N-pent anoyl - N-[ 2" -

H-t etrazol -5-yl)-bi phenyl -4-yl nethyl-][4a nmne 43.55 g of valsartan
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N[2"-(lHtetrazol-5-

yl) - bi phenyl - 4-yl net hyI] am ne are dissolved at roomtenperature in 600 nm
of 50% by rvotume—ggghanot—({Tom absol ure qgizhanol - see Merck and

quar z-bidifstilled water). The slightly WD 03/ 066606 PCT} EP0O3/ 01047 -45
turbid sollution bifomes cl ¢ar after addﬂﬁg’r a further 50 of 50% et hanol .
Usi ng a mggreti€ e 14— 03—gor—0: 55 MyO—(verTtk—pla.) are slowy
added in gmal | ooﬁons tolthis slightly " acidic solutipn with a pH val ue
of 4. The|pH val ummthereby fises to ca. 829The process i effected with an
excess of /- — —hi s excess i s not
fully disgol ved, 2 t he pH val ue rises 8 ca. 7.5. The|small residue is
filtered fromtheysgolution through a faded filter andjwashed with 50 ni
of 50% et hanol The conmbined ¢ / concentrated at
40C whi | st stlrr|217d5vmth almagnetic stil®rer in a | argejcrystallisation

di sh. To fs—the—emd—of —t1i s procedure, the solutlon has a tendency to

harden into a glassy gel. Scratching with a_glass rod induc e in situ
cryst al Calgagiiamofithe irteriattiseapliane Wﬁf‘tﬁ%ﬁ fremp tb%xr"él‘ sgerRptigyn h@e col our
of the ﬁg@ﬁ%ﬁ'%kéf’éﬁ a3 Qbllothst Bﬁuﬁ fcﬂéfé%%nsﬂ_é‘ﬁwdérf&dmétbatch dﬁh@&b@tan@@ﬁow a
recircu AP afer untTl reachi ng constant wei ght. The yield of
magneS|m&bhydlatetdiérlm@GhmcﬁeﬁtoéVﬂléaw of (S)- N-(1-car boxy-

2 et Yl 5 g Pipls) @g&b%gsgmov 7108, g b3 lear elarosyi) ssphienyd 69 I met hy

l']-am b based val sartan errpl oyed as the free

aci d. ThéSndaVS,lm@ Fo3ht. 1, 4t1r?e3§§I,{59Hy3}5§t%3ﬁo M0 produced according to the
above given procedure, nanely the magnesi umval sartan- hexahydrate, for a
heating rate of 10 K-min', in a sealed sanple container with a small

i nter naEIemmIntamanalylslaglva&ﬂlmfpll@fvm nmesgwedwatierehtheralements pigsgat in calghii-ang o
mel ting Kk of the
noxanyrarany el g T b el evalifucis bk ollR 1BAS b

exanpl eespvisiordeTes fidireg$ dithaclerientany pyalysisriibin, the error Bimis, gerregoond to the

sum formula (Cz4 Hay NsO3) > Ca - 4 H.0.

% found % calculated
C 52.82 52.83
H 6.42 6.47
N 12.91 12.83
0o 20.20 20.53
water 13.25 13.21
Ca 7.03 7.35

Example SM2 (for Starting Material):

Production example of the magﬁesium salt as the hexahydrate Aopyg in sifu of (S)-N-(1-
carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl}-amine

43.55 g of valsartan (S)-N-(1 ~carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2-(1H-tetrazol-5-
yl)-biphenyl-4-ylmethyl]-amine are dissolved at room temperature in 600 ml of 50% by
volume ethanol (from absolute ethanol - see Merck and quarz-bidistilled water). The slightly



The specific optical rotation of the magnesi um val sart an- hexahydrate Ao, My
produced according to the above exanple for start materials is neasured as
a 1 % solwDioatedens met hanol [a] 20p = -14 and with the sanmPCe@mPo®omonati on in
wat er as [a] 20D =-380. The enantiomer purity of the magnesium salt of

val sartan hexahydrate AO My produced -42cor di ng to the process for the
start materials is determ ned by a stereo-specific HPLC nethod. The
stereo-specific separation is achieved by a chiral colum (Chiral AG). The
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Weight loss or water loss in 25 0.0 50 1.2

The melting point of the salt hydrate Agug produced according to the above given procedure,
namely the magnesium-valsartan-hexahydrate, for a heating rate of 10 K-min™, in a sealed
sample container with a small internal volume, in an amount of 2.24mg, was measured at
Tie = 132°C and a melting enthalpy at AgH = 64 kJ-mol™.

The density of the crystals of the hexahydrate of the magnesium salt of valsartan produced
according to example SM2, determined by a helium pycnometer, is 1.273 g-cm®.

The specific optical rotation of the magnesium-valsartan-hexahydrate Ap vy produced
according to the above example for start materials is measured as a 1% solution in methanol

[0]®p = -14° and with the same concentration in water as [0]*°p = -38°.

The enantiomer purity of the magnesium salt of valsartan hexahydrate Agmg produced
according to the process for the start materials is determined by a stereo-specific HPLC
method. The stereo-specific separation is achieved by a chiral column (Chiral AGP). The

enantiomer purity is determined as ee = 99.6%.

The measurement of the infrared spectrum took place by means of ATR-IR (Attenuated
Total Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from Perkin

Elmer Corp., Beaconsfield, Bucks, England.
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i nterl attwoasfpb@ne i ntervals fromthe X-ray powder patterrCraPesiomisth a
Quinier camera is as follows for the characteristic lines for this batch of
the magnesiumsalt of valsartan hexatffftirate Ao,My: d in [ A 1: 19.78,
10.13, 9.84, 7.28, 6.00, 5.81, 5.67, 5.21, 5.04, 4.88, 4.21, 4.18, 4.08,
3.95, 3.46, 3.42. Elenmentary analysis gives the follow ng neasured val ues

of the plL&BAMG NdtesANheiHexameiratb of deytagiesiunh salhef vm@mamAmg,lsml theof

val sartan and of water. The water arri e C after
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25. 44  14AGs596, 198115170 0T 215586 186 Thlor ki Bxampl os:  Example 1
Production of the calciumsalt as the tetrahydrate A, ca in situ of
) o Beeta et Shhane B ot Rt ob e ur s
of (S) - .4d QiIRPH ¥odpIBB trR¥LmBROBaskd YN théniré ameyy-Fbuifiet trapksfdrmation-
infrared-spectroscopy (TG-FTIR, IFS 28 from the companies Netzsch Geratebau GmbH,
Selb, Bayern and Bruker Optik GmbH, Karlsruhe), whilst simultaneously measuring the
weight loss and identifying the material component given up, using infrared spectroscopy
(release of water), the water content was determined for the hexahydrate of the magnesium
salt of valsartan Ao g With the weight loss up to the plateau for 225°C a 18.7%. The total
formula was calculated for the hexahydrate of the magnesium salt of valsartan Ag g from this

as (CasHarNs03) " Mg*” - 5.9 H.0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss
for the hexahydrate as a function of temperature, was measured at a heating rate of 10
K-min ~". The results for the magnesium salt of valsartan hexahydrate Ao g are listed in the

following:

100 11.0

125 16.7
150 17.7
175 18.3
200 18.5
225 18.7
250 18.9

275 19.3




tetrazol -5-yl)-bi phenyl -4-yl nethyl]-am ne as tetrahydrate AU, ca is wei ghed
into a thernobal ance TGS-2 (Perkin-El mer Corp. Norwalk, CT USA) and is
parti al | ywoebyehoad ed at 34C in a water-free N2 at nospher @ChiEtPh3/e10ft ow r at e
of 50 mM-mn 1 for a tine interval of 50 hours. The observed wei ght | oss,
i.e. water loss after the time intervéf-of 50 hours is 7.9% The water
bound at this endpoint for the calciumsalt of val sartan was under
consideration of the water content for the starting material Ao, ca which
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The nmelfhog point for the tetrahydrate of the calciumsalt of valsartan
A, ,ca produced according to exanple 1 for a heating rate of 10 Knmin 1 and
in a closed specinen container wth a small internal volune of ca. 22
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tetrazol'-5-yI')-Dbi phenyl -4-yl nmethyl | -am ne calcijymsalt tetrahydrate Aj,ca
i s measlimitl coiredpoad tasthR-sur forstlal etz B Gs) oMIPer R FROEI ner Cor p.
Beaconsfi el d, Bucks, England. The characteristic absorption bands of the
ATR-1 R spectroscopy listed in the following for the tetrahydrate of the
cal cium salt of valfemdtan A , caw t/hcelgulatesd expressed in reciprocal wave
nunbers_.(cml) : 3%%3307; 2960; §§%14 1578; 1459; 1442; 1417, 1407; 1364,
1357; 1919; 1274 °1211; 1180; 1137; 1105; 1099; 1012; 1003; 758; 738; 698.
The watHr content 780 in theory 13. 8% or a tetrahydrate of the calciumsalt
of val sgrtan. Usi 5 @ t her nobal aQQ%BTGS-Z t he water content was determ ned
for the substance{%" oduced according to exanple 1 with 13.4% An anount of
1.1 % HR0 is free250”l not bound wa5e¥ in the calciumsalt of valsartan

A , ca, t he tot@ @m)unt of boung mpter is 12.3% A total formla was
cal cul a Fromt |‘% value for A ,ca as (C24H27N503)2- Ca2+ 3.7 H20 Using
t hernrogMgvi netry, 4.36a water-free MZ%t nosphere, the weight loss, i.e. the

water loss for the tetrahydrate of the calciumsalt of valsartan as a
function of tenperature, was
Working Examples:

Example 1
Production of the calcium salt as the tetrahydrate A ¢ in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-y1)-N-pentanoyl-N-{2’-(1 H-tetrazol-5-yl)-biphenyl-4-yImethyl]-amine

30.18mg of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl}-amine as tetrahydrate Aoca is weighed into a
thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) and is partially dehydrated at
34°C in a water-free N, atmosphere with a flow rate of 50 ml-min”' for a time interval of 50
hours. The observed weight loss, i.e. water loss after the time interval of 50 hours is 7.9%.
The water bound at this endpoint for the calcium salt of valsartan was under consideration of
the water content for the starting material Ag ¢, which is 12.9%, only 5.0%. The consecutive
equilibration of the partially dehydrated calcium salt of valsartan is executed in an air
atmosphere with a relative humidity of 60% and at a temperature of 23°C. The equilibrated



nmeasured at a heating rate of 10 K-min -'. The results for the calciumsalt
of valsartan tetrahydrate A ,ca are |isted as follows: Tenperature.:[ (]
wei ght | o&® 0aeased er 1 oss in Yo. 1.1 25 50 3.3 75 5.1 PTOEPI3/G104125 12.1
WD 03/ 066606 PCT/ EP03/01047 -49 150 12.9 175 13.2 200 13.3 225 13.4
250 13.3 275 13.7 Exanple 2 Producti48n of the calciumsalt as the
tetrahydrate A2,ca in situ of (S)-N-(1-carboxy-2-nethyl-
prop-1-yl)-Npentanoyl -N-[2'-(1 Htetrazol -5-yl)-bi phenyl -4-yl net hyl]-am ne

32. 17”%f8§tahﬁ@ol5%§iln% %é%é}—NC(ﬁ -carbo 2-methy| prop- 1-y|) -N- pentanoyl -N-[2’-(1H-
(S)- car boxy- 2- et -prop-1-yl r‘g -

t et razdetraiojrﬁjyl)m'M}?@M&?‘Pym%ﬂl‘mrﬁ‘p?]ca%nﬁéa '@trgé qrﬁﬁy/g’rca't e Ao.ca is wei ghed
into a thernobal ance TGS-2 (Perkin-El mer Corp. Norwalk, CT USA) and is

partially dehydrated at 50C in a water-free N ere thaflo t
of 50 rflhermﬂltlng peint far thetatrahydeato of tf@rcaﬁumﬁalﬁngg}#%r(?&Cgrﬂf eW e

wat er rd!i Q!z Fed1 f?a'r "aq{‘etahb(g et of FRRNRIA" and 3 delobd Qp&ﬁfneﬂ' b@ntamt er
bound a en he cal cium salt of val sar

ta
consi dewuuta amatbmteern@! vomeee %ﬁ? 8hierofitgrs @fﬁ’ea §%T§Pke| W@W&?@rﬁs’mg 'i\ﬁjmﬁa whi ch
s 12. H%ég’% ?}é YRfuRN Y /5?1@ iCOAIEARBI ROM eldAni meddtréemalst of

val sartan m) The equilipration of this nonohydrate of the cal cium
salt ofexpwlrmiralmnemhmsﬁr‘:ﬂ%ﬂm%phere with a relative humdity in air of
29% and at a tenperature of 23Cis directly observed over a tine interval
of 46 hours in the thernobal ance by a practically equlibrium si tuatlon W th
an uptﬁbeanfyéreﬁ SPeGtHEDOf thied S)-Nnd Fcaslmnyehmetityl-Bropnt YNt rentaroybNd g (1H

corres ptepr or?%-)yl)gblghe(?‘uym-lyﬁnethyl]-amme calcium salt tetrahydrate A c. is measured with a
ATR-IR instrument BX from Perkin Elmer Corp., Beaconsfield, Bucks, England.
The characteristic absorption bands of the ATR-IR spectroscopy listed in the following for the
tetrahydrate of the calcium salt of valsartan A c,with values expressed in reciprocal wave
numbers (cm™): 3594; 3307; 2960; 1621; 1578, 1459; 1442; 1417; 1407; 1364; 1357; 1319;
1274:; 1211; 1180; 1137; 1105; 1099; 1012; 1003; 758; 738; 698.

The water content is in theory 13.2% for a tetrahydrate of the calcium salt of valsartan. Using
a thermobalance TGS-2 the water content was determined for the substance produced
according to example 1 with 13.4%. An amount of 1.1% H0O is free and not bound water in
the calcium salt of valsartan A ¢, so the total amount of bound water is 12.3%. A total

formula was calculated from this value for A ca as (CosH2/Ns03)* Cca® - 3.7 H,0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss
for the tetrahydrate of the calcium salt of valsartan as a function of temperature, was
measured at a heating rate of 10 K'min -1, The results for the calcium salt of valsartan

tetrahydrate A, c, are listed as follows:

100 9.6
125 12.1




wat er per nol ecule of calciumsalt of valsartan. The substance, nanely the
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32.17mg of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine as tetrahydrate Ao c. is weighed into a
thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) and is partially dehydrated at
50°C in a water-free N, atmosphere with a flow rate of 50 mi-min” for a time interval of 21
hours. The weight loss, i.e. water loss is observed directly and reached a value of 9.9%. The
water bound at this endpoint for the calcium salt of valsartan is under consideration of the
water content for the starting material Agc, Which is 12.9%, only 3%, a value which
corresponds with a calcium salt of valsartan monohydrate.

The equilibration of this monohydrate of the calcium salt of valsartan in an air atmosphere
with a relative humidity in air of 29% and at a temperature of 23°C is directly observed over a
time interval of 46 hours in the thermobalance by a practically equlibrium situation with an
uptake of 6.0% H,0. The final content of bound water is 9.0%, corresponding to 2.6 mole
water per molecule of calcium salt of valsartan. The substance, namely the (Co4HarNs035)*
Ca?*- 2.6 H,0 is additionally water equilibrated in an exsiccator with a relative humidity of
90.5%, at a temperature of 23°C and over a time interval of 72 hours. (S)-N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoyl-N-[2-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl}-amine calcium

salt tetrahydrate A, c, is obtained.

The melting point for the tetrahydrate of the calcium salt of valsartan A, c. produced
according to example 2, for a heating rate of 10 K-min™ and in a closed specimen container
with a small internal volume, and with a sample weight of 1.56mg measured in a DSC

Pyris 1 (Differential Scanning calorimeter) is determined as Ty, = 195°C and the melting as
AssH = 89 kJ-mol™.



Cal cul ation of the interlattice plane intervals fromthe X-ray powder
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sanpl e wei ght of 5098rrg is det ermined as Ofus = 176C and the nelting

ent hal py i . S ystgi Tty o elcal cium salt of
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175 12.3
200 12.5
225 12.6
250 12.7
275 13.3

Calculation of the interlattice plane intervals from the X-ray powder pattern measured with a
Guinier camera is as follows for the characteristic lines for this batch of tetrahydrate of the

calcium salt of valsartan A, ca:
din[A1]: 16.16, 9.90, 9.40, 8.05, 7.72, 7.04, 6.49, 6.35, 5.82, 494 4.73,4.13, 3.93.

Example 3
Production of the calcium salt as the trihydrate B4 ¢, in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yImethyl}-amine



in Bi,cais 9.2%cal culated fromthe weight |oss at 225C and the anount of
wat er which is evaporated at 25C. A total forrmula is calculated fromthis
val ue forwB,03mes6a6 ( C24H27N5O3) 2- Ca2+ - 2.7 H20. Using tireTmpgs/enimetry,
in a water-free N2 atnosphere, the weight loss, i.e. the water loss for
the trihydrate Bi,ca as a function of~ brrperature, was neasured at a
heating rate of 10 Kmn -1. The neasurenents are elucidated as follows: WO
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8.10, 7yZ8artch. 03, 6.48, 6.08, 5.76, 5.12, 4.91, 4.72, 4.48, 4. 31. Exanple
4

The equilibration of this monohydrate is spontanous at a temperature of 22°C and a relative
humidity in air of 34% with a relaxation time of about 1 hour. The final equilibration is
practically reached after 9 hours with a content of water of 9.7%. The dehydration-hydration
process provided the substance (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-{2’-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium salt trihydrate By c. .

The melting point for the trihydrate of the calcium salt of valsartan B c. produced according
to example 2, for a heating rate of 10 K-min™ and in a closed specimen container with a
small internal volume, and with a sample weight of 3.98mg is determined as Ty, = 176°C
and the melting enthalpy is ApsH =7 kJ-mol™. The crystallinity of the calcium salt of valsartan

B1cais ca. 10%.

The water content is determined with a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk,
CT USA) with a measurement in a water-free N, atmosphere and a heating rate of 10 K-min’
' The water content for the substance B, c. , produced according to example 3, is for the
plateau at the temperature of 225°C determined with 9.7%. The total amount of water bound
in Byca is 9.2% calculated from the weight loss at 225°C and the amount of water which is
evaporated at 25°C. A total formula is calculated from this value for B4 ¢, as (Cz4H27N503)2'
Ca™ - 2.7 H,0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss

for the trihydrate B4 c, as a function of temperature, was measured at a heating rate of 10

-1

K-min ~'. The measurements are elucidated as follows:
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The interlattice plane intervals are given in the following for the trihydrate of the calcium salt

of valsartan B, c,, produced according to example 3:
din[A]:16.1, 11.5,10.0, 9.42, 9.12, 8.10, 7.78, 7.03, 6.48, 6.08, 5.76, 5.12, 4.91, 4.72,
4.48, 4.31.

Example 4
Production of the calcium salt as the trihydrate B¢, in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yImethyl]-amine

33.84mg calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-

5-yl)-biphenyl-4-yimethyl}]-amine as tetrahydrate Ay c, is placed into an open pan of a
thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) and the tetrahydrate Agc, is
been partially dehydrated at 61°C in a water-free N, atmosphere with a gas flow of 50



t he substance produced according to exanple 4 and the value for the change
of the specific heat is a paraneter for the quantization of the
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starting material the enthal py of fusion AfuSH = 92 kJ-nol-1 is
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Cal cul ajadriMpdries,f . the interlattice plane intervals fromthe X-ray powder
pattern measured wth a Guinier camera FR 552 from Euraf Nonius, Delft, NL
on a X-rax filmin transm ssion geonetry, using Cu-Kal radiation, are
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pr oducetp example 4, for a heating rate off 10 'Qe it in & dosed ls%)egr];ex %l)l%t%lrnte?\rllvitﬁ%’s?n%ll
internal volume, and with a sample weight of 2.49mg is determined as Tr,s = 198°C and for
the second component Ty, = 204°C. The two melting points are elucidated easily, namely,
that the produced material is a mixture of thé trihydrate B¢, and the tetrahydrate Ao ca. The
enthalpy of fusion for the two melting peaks reveal the values for the trihydrate Bz c. of

AnsH =53 kJ-mol™ and for the tetrahydrate Apc, of AnsH = 4 kJ-mol™.

‘mn-,inac

The DSC (Differential Scanning Calorimetry) curve with a sample weight of 2.49mg of the
trihydrate B, c, calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-.
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine with a heating rate of 10 K-min™ ih an closed
specimen container with a small internal volume reveals in addition to the melting peaks at
198 and 204°C a glass transition as a solid state phenomena related to amorphous
substances. The glass transition temperature is determined with a value of Ty = 66°C and
the change of the specific heat is for this temperature Ac, = 0.10 J-(g'K)". The glass
transition temperature observed is an absolute evidence of amorphous material present in
the substance produced according to example 4 and the value for the change of the specific
heat is a parameter for the quantization of the amorphicity. |

An additional amount of estimated 18% is amorphous material, the trihydrate Byca is
approximated with the enthalpy of fusion of 53 kJ -mol” as 78% and the tetrahydrate Agca
which has in pure form as starting material the enthalpy of fusion AgsH = 92 kJ-mol™ is

approximated in the produced material of example 4 kd-mol™" with 4%.



according to exanple 4: din [A] : 16.2, 11.47, 9.94, 9.44, 9.01,8.13, 7.80,
7.05, 6.50, 6.09, 5.79, 4.95, 4.16, 4.74. The enantionmer purity of the
salt hydreDespsé@auced according to exanple 4 is determ ne@CIHEPI301047
stereo-specific HPLC net hod. The st ersf specific separation is achi eved by
achiral colum (Chiral AGP). The ena 4 omer purity for the trihydrate of
the calciumsalt of valsartan B2,ca is determ ned as ee = 99.65. WO

03/ 066606 PCT/ EP03/01047 -55- Exanple 5 Production of the calciumsalt as
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t he subst g BT &t C : T 3 ent anoyl -N-[2' - (1

H t et r azol |zihzy ks S ' it trihydrate B3, ca
The nel t|i ng poid® for tlhe. trlhydrate d? t he caIC|un1SJIt of valsartan
B3, ca produced dqﬁpr0|ng To exanpl e 5, gffor a heating rate of 10 K-mn'"',

in a closdd _specinen contlainer with a soall  internal vglunme, and with a
sanpl e weilght of 25 85ng ijs deternined ad.9Tfus = 191 C. |Additional nelting
peaks are [obsetrv ot ematerTat proggcedaccording o exanpl e 5,
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The resul tls revedP0 9.7
225 9.7
250 9.8
275 10.1

Calculated values of the interlattice plane intervals from the X-ray powder pattern measured
with a Guinier camera FR 552 from Euraf Nonius, Delft, NL on a X-rax film in transmission
geometry, using Cu-Ka, radiation, are obtained for Bz ca. The interlattice plane intervals are
given in the following for the trihydrate of the calcium salt of valsartan By ca, produced
according to example 4:

din[A]: 16.2, 11.47, 9.94, 9.44, 9.01,8.13, 7.80, 7.05, 6.50, 6.09, 5.79, 4.95, 4.16, 4.74.
The enantiomer purity of the salt hydrate produced according to example 4 is determined by
a stereo-specific HPLC method. The stereo-specific separation is achieved by achiral
column (Chiral AGP). The enantiomer purity for the trihydrate of the calcium salt of valsartan

B, c. is determined as ee = 99.65.



clearly a material, produced according to exanple 5, which is doninated by
a main conponent nanely B3,ca. The water content is determned with a

t her nobalwo®e/0d@es 2 ( Per ki n- El mer Corp. Norwal k, CT USA) PGITIEP0301047
measurenent in a water-free N2 atnosphere and a heating rate of 10 K-mn

‘. The water content for the material-¥th B3,ca as the main conponent is
for the plateau at the tenperature of 225C determned with 10.1 % A total
formula is calculated fromfor the bound water content of 9.8%for B3, ca
as (024113?e7ri§ %)2 Ca 2+ - 2.9 RO WO 03/ 066606 PCT/EP03/01047 -56 Using
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heating rate” of 10 The measurements reveal the foll ow ng
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the domﬂ@éﬁd}%mt for the substance of calcium salt of valsartan was 5.9%, a value which
corresponds with 1.4 mole water in relation with one mole of calcium salt of valsartan. The

rehydration at 23°C and 30% relative humidity in air is observed with a process of a
relaxation time of 30 minutes. The dehydration-rehydration process provided the substance
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2"-(1 H-tetrazol-5-yl)-biphenyl-4-
yimethyl]-amine calcium salt trihydrate Bsca -

The melting point for the trihydrate of the calcium salt of valsartan Bg ¢, produced according
to example 5, for a heating rate of 10 K-min™, in a closed specimen container with a small
internal volume, and with a sample weight of 2.85mg is determined as Trs = 191°C.
Additional melting peaks are observed for the material produced according to example 5,
namely for 196, 205, and 213°C. The enthalpy of fusion for the different melting peaks are
used for an approximation of the quantitative analysis of the material produced according to
example 5, namely 87% of the material for the melting point 191°C as Bsca, 10% of the
material for the melting point 196°C as By ca, 0.5% of the material for the melting point 205°C
as Agca, and 3% of the material for the melting point 213°C as D, c,. The results reveal
clearly a material, produced according to example 5, which is dominated by a main

component namely B ca.

The water content is determined with a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk,
CT USA) with a measurement in a water-free N, atmosphere and a heating rate of 10 K-min®
' The water content for the material with Bs ¢, as the main component is for the plateau at
the temperature of 225°C determined with 10.1%. A total formula is calculated from for the
bound water content of 9.8% for Bsca as (C2sHzzNsOs)” Ca*" - 2.9 H,0.
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paral | el [product ﬁgn step|4.66 ny :

(S)- N (1-garboxy-zsnet hy prop-1-yl)-N @ent anoyl -N-[ 2" -{1H

tetrazol -8-yi)-hip syl et hyl ]l -ampneas—tetrahydraie Ao,ca is placed

i n an open cruci BO8 of alt her nobal ance!®8s- 2 (Perkin-E|l mer Corp., Norwalk,
CT USA) and the tggranydrqte Ao, ca I1s ¢xposed to the Tpllow ng conditions:
i sothermal|_tenperature 40C, and to a water-free atmosphere with a flow
rate of 50 m-m @59. The gubstance obtai®éd in both of {he devices after
66 hours \(/}aa the mohydrgqte of the cal gy gmsar tof

(S)-N-(1-darboxy-2-nmet hyl 4prop-1-_yl)-Npentanoyl -N-[2' (1

Htetrazol -5-yl)-bi phenyl -4-yl methyl]-am ne C,ca. The water content was

determ Bgicciul\é\{etdhva}u%% oﬁ‘ Hn%ri%ngitiég BEngﬁél%als-mﬁn R )@Péy 6&\‘7&1’ p-btt@rn mdRured

with a Guinier camera FR 552 from Euraf Nonius, Delft, NL on a X-rax film in transmission

geometry, using Cu-Ka, radiation, are obtained for the substance produced according to

example 5, with the main component B ca.

The interlattice plane intervals are given in the following for the material, produced according
to example 5, with the trihydrate of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-
N-pentanoyl-N-[2-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine Bsca. as the dominating

component:
din [A]:16.11, 11.44, 9.90, 9.40, 9.01, 8.04, 7.73, 7.03, 6.47, 6.33, 6.09, 5.80, 5.17, 4.95,

4.73,4.48, 4.33, 4.15, 4.11, 3.94, 3.61.

The infrared spectrum of the (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium salt trihydrate Bsc., as the main component

of the material produced according to example 5 is measured with a ATR-IR instrument BX

from Perkin Eimer Corp., Beaconsfield, Bucks, England.
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a thermobalance TGS-2 (Perkin- Elmer Corp Non/valk CT USA) and the tetrahydrate Agca is
exposed to the following conditions: isothermal temperature 40°C, and to a water-free
atmosphere with a flow rate of 50 ml-min™. The substance obtained in both of the devices
aftér 66 hours was the monohydrate of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-

yI)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine C c..

The water content was determined with the thermobalance TGS-2. The weight loss, i.e. the
water loss after 66 hours in the water-free atmosphere was 9.8%, yielding to a water content
in the product C; ¢, of 3.1%. A total formula was calculated from this value for Cy ¢, produced

according to example 7 as (CasH2/N503)* Ca* - 0.9 H,0.

Calculation of the interlattice plane intervals of the monohydrate of the calcium salt of
valsartan C; c, had been taken from the X-ray powder patterns measured with the powder
diffraction chamber X’Pert from Philips Analytical X-ray, 7602 Almelo, NL. The characteristic

lines for the product C, ¢, are listed in the following:



The water content for the substance D,,ca, produced according to exanple
7, is for the plateau at the tenperature of 225C determned with 8.1 % A
total forwollaos@ocal cul ated with the amount of bound wat @eCcT@EPOBMMOUE 8. 0%
for D,,ca as [(C24H27N5(QB) 2- Ca2+] 2.4.6 H2O. Using thernogravinetry, in a
wat er-free N2 at nosphere, the wei ght 9¥ss, i.e. the water loss for the
-{calciumsalt of
(S)-N-(1-carboxy-2-nmethyl-prop-1-yl)-Npentanoyl-N-[2"-(1 H

tetrazq]inJAy! 15.98, ABowy h146y9 881 hiy0)8.621 183, pEhuateydr ate D1, Ca, produced
accordi ng to exanpl e WD 03/ 066606 PCT/ EP03/ 01047 -59 7, is measured as a

function of tenperature at a heating rate of 10 K-mn - . The

measur gBRise 7eveal the followi ng results: Terrperature Cl] Weight |oss or
wat er IT—@e—ssm'ZS 1 501.7 75 3.3 100 5 L ;
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e1n l'ane 1 ntervals from X-ray powder
pat t er ntheweleeteddinabstagel afwanght szSSul @ |ae4vatealm af ¥Ros Fhe patanbeundiat fisni us,

Del ft, (’a\InLdp%Pnt ?or>ﬁ1e g%dLH @c'al?:num salt of valsartan was 3.2%, a value which corresponds to
0.9 mole water in relation with one mole of calcium salt of valsartan. The hydration process
is performed at 23°C and with a relative humidity in air of 28%. The final equilibration is
practically reached after 4 hours. The process provided the product di-{calcium salit of (S)-N-
(1-carboxy-2-methyl-prop-1-y1)-N-pentanoyl-N-[2"-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl]-

amine} pentahydrate D c..

The melting point for the di-{calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-
pentanoyl-N-[2*-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine} pentahydrate Dy ¢, , produced
according to example 7, for a heating rate of 10 K-min™, in é closed specimen container with
a small internal volume, and with a sample weight of 1.41mg is determined as Ty = 212°C

and the melting enthalpy is AgsH = 15kJ-Mol™.

The water content is determined with a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk,
CT USA) with a measurement in a water-free N, atmosphere and a heating rate of 10 K:min”
' The water content for the substance D, c., produced according to example 7, is for the

plateau at the temperature of 225°C determined with 8.1%. A total formula is calculated with

the amount of bound water which is 8.0% for Dy ¢, as [(C24H27N503)2'Ca2"]2 - 4.6 H.0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss
for the di-{calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-
tetrazol-5-yl)-biphenyl-4-ylimethyl]-amine} pentahydrate Dy ca, produced according to example



transm ssion geonetry, using Cu-Kal radiation. The characteristic
interlattice plane intervals are given in the followng for the the
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H tetrazol - 5-yl)-bi phenyl -4- yl net hyI‘]5-9a'm' ne} pentahydrate D,,c8 , produced
according to exanple 7: din [Al : 15.46, 11.45, 9.36, 9.04, 7.75,6.46,
6.09, 5.82, 5.66, 5.16, 4.76, 4.48, 3.83, 3.60. WO 03/066606 PCT/ EP0O3/ 01047
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t he speci ffrc hea‘50apou,i tfy at— thie renpegarure region ol the nmelting point
of Acp = 0._64 J-?G-K)-l. No nmelting point and no enthalpy of fusion is
observed ulp to a2f®nperatjure of 216C me8dured with the PSC Pyris 1 under
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The infrared spectrum of the anorphous cal ciumsalt of
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(S)-N-(1-carboxy-2-methyl-prop-1-y1)-N-pentanoy-N-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine} pentahydrate D, ¢, are listed in the following with values expressed in
reciprocal wave numbers (em™): 3329; 2959; 2930; 2870; 1578; 1506; 1459; 1405; 1354;
1302: 1260; 1208; 1176; 1143; 1104; 1012; 1004; 973; 941, 860; 839; 821; 757; 737, 667.

Calculated values of the interlattice plane intervals from X-ray powder patterns were
obtained from a Guinier camera FR 552 from Euraf Nonius, Delft, NL on a X-rax film in

transmission geometry, using Cu-Ka, radiation.
The characteristic interlattice plane intervals are given in the following for the the di-{calcium
salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-
yimethyl]-amine} pentahydrate Dy c., produced according to example 7:

din[A]: 15.46, 11.45, 9.36, 9.04, 7.75,6.46, 6.09, 5.82, 5.66, 5.16, 4.76, 4.48, 3.83, 3.60.



expressed in reciprocal wave nunbers (cm): 3587; 3307; 3182; 3053; 2961,
2870; 2358; 1621; 1578; 1506; 1459; 1441; 1417; 1364; 1319; 1301; 1274;
1211; 11890 03a&6p6 1105; 1099; 1013; 1003; 974; 941; 864; 856; 824 THP83/7HS] 738;
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(foerf\d?{nllgb 2G@Qni ng Calorineter). The glass transition tenperature is Tg
= 139C and Re change of the specific heat capacity at the tenperature
region of the glass transition is Acp = 0.42 J-(g-K)-1. No nelting point
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is observed up to a temperature of 216°C measured with the DSC Pyris 1 under the same

conditions as performed for the glass transition measurements.

The infrared spectrum of the amorphous calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine Eca is measured with an
ATR-IR instrument BX from Perkin Elmer Corp., Beaconsfield, Bucks, England.

The characteristic absorption bands of the ATR-IR spectroscopy are shown for the
amorphous substance E; c,, produced according to example 8, by the following values
expressed in reciprocal wave numbers (cm'1): 3587; 3307; 3182; 3053; 2961; 2870; 2358;
1621: 1578; 1506; 1459; 1441; 1417; 1364; 1319; 1301; 1274; 1211, 1180; 1137; 1105;
1099; 1013; 1003; 974; 941; 864; 856; 844; 823; 758, 738, 666.



thernogravinetry, in a water-free atnosphere. The weight loss, i.e. the
water | oss for the substance F,,ca as a function of tenperature, is
measur ed WD 0a/obsad i ng rate of 10 K-mn 1 and the resultsprar®&Pbi/eten in the
foll ow ng. WD 03/066606 PCT/EP03/01047 -62 Tenperature [ , (] Wi ght
loss or water oss_ in 10 250.6 50-%l0 75 5.6 100 7.1 125 7.9 150 8.3
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The substance F; c., produced according to example 9, is characterized with a DSC Pyris 1
(Perkin-Elmer, Norwalk, CT USA) applying a heating rate of 10 K-min™ and using a closed
specimen container from gold with a small internal volume. The calcium salt of (S)-N-(1-
carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine
as amorphous substance F ¢, allowed to elucidate the observed glass transition with the
DSC (Differential Scanning Calorimeter). The glass transition temperature is T = 139°C and
the change of the specific heat capacity at the temperature region of the glass transition is
Ac, =042 J-(g'K)™". No melting point and no enthalpy of fusion is observed in the DSC when
the substance F ¢, is after cooling to —50°C heated up to 220°C with a heating rate of 10
K-min™. Therefore, the substance F; ¢, has a crystallinity which is not detectable with the
method applied and the crystallinity is by an estimation of the sensitivity of the DSC Pyris 1
below 1%. The combined thermodynamic data existing, namely melting point and enthalpy of

fusion are an absolute prerequisite of a crystalline material or a crystalline substance.

The water content of the amorphous calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-y1)-N-
pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine Fic, is determined using
thermogravimetry, in a water-free atmosphere. The weight loss, i.e. the water loss for the
substance F, ¢, as a function of temperature, is measured at a heating rate of 10 K:'min™ and

the results are listed in the following.
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The total formula of F; ¢, is calculated as (Ca4HzNsOs)’ Ca® containing 8.8% water.

Example 10
Production of the magnesium salt as hexahydrate A g in situ of (8)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl}-amine.

28.81mg of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-
(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine as hexahydrate Agpyg is placed into an open
crucible of a thermobalance TGS-2 (Perkin-Elmer, Norwalk, CT USA) and treated in a water-
free N, atmosphere at a temperature of 50°C, having a flow rate of 50 ml-min™ for a time
interval of 200 minutes. The weight loss, i.e. water loss at the endpoint was 9.4%. The water

still bound at this end point for the magnesium salt of valsartan was under consideration of
the water content for the start material Aqug Which is 18.7%, corresponds to 2.6 mole of

water in relation with one molecule magnesium salt of valsartan. The substance obtained

after this dehydration step is practically a trihydrate, which is exposed in a consecutive step
in air to a relative humidity of 31% at 24°C. The uptake of water revealed a relaxation time of
about 70 minutes. The substance obtained in reaching an equlibrium condition is the
polymorph A; g hexahydrate of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-
N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine.

The melting point for hexahydrate of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-
1-y1)-N-pentanoyl-N-[2'~(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl}-amine Asmg, produced
according to example 10, for a heating rate of 10 K-min™, and measured in a closed



hexahydrate Al, My is achieved by a X-ray powder pattern and by the
evaluation of the reflections into the interlattice plane intervals. The
measur enewod3as@oerade with a Guinier canera and the cal cecatepds/hiones for
Al, My, nanely the pol ynorph of the hexahydrate of the WD 03/ 066606
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The solid state characterization of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine for the polymorph of the
hexahydrate A, y, is achieved by a X-ray powder pattern and by the evaluation of the
reflections into the interlattice plane intervals. The measurements are made with a Guinier
camera and the calculated lines for A, y,, namely the polymorph of the hexahydrate of the



substance obtained in the powder diffraction chanber X Pert is determ ned
by the interlattice plane intervals as nonohydrate D1, My of the magnesi um
salt of (8p-oBlogekecar boxy-2-net hyl - prop-1 -yl)-N pent anoyPCEPA3/01017
Htetrazol - 5-yl)-bi phenyl -4-yl met hyl ] -am ne. WO 03/ 066606 PCT/ EP03/ 01047
-65 The bound water content of the norfhrydrate D1, My of the magnesi um salt
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char act mat'eri1al " produced 11 nal after equilibration
according to exanple 11 is perforned with a DSC Pyris 1 from PerKkin-El ner

Corp. , ?qr%};f magneerim sal g cérﬁ@@sz FriefHy1- bl%pnﬁ?lﬁllt;%htamdthqz Sanpl e
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as a pa accord g to exa 10
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chamber X'Pert from Philips Analytical X-ray, 7602 Almelo, NL). The isothermal temperature
is set at 35°C and the water-free N, atmosphere is achieved with a flow rate of 100 ml-min”".
In a parallel production step 5.36mg magnesium sait of valsartan as hexahydrate Ag g is
filled into an open crucible of a thermobalance TGS-2 (Perkin-Eimer Corp. Norwalk, CT
USA) and the start material was exposed to practically identical conditions as the start
material in the X-ray device, namely an isothermal temperature of 35°C and a water-free
atmosphere with a flow rate 50 ml-min™". The substance obtained after 42 hours in the
thermobalance is the monohydrate Dy, of the magnesium salt of (S)-N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoyl-N-[2-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine. The
substance obtained in the powder diffraction chamber X'Pert is determined by the interlattice
plane intervals as monohydrate D1 g of the magnesium salt of (S)-N-(1-carboxy-2-methyl-
prop-1-yl)-N-pentanoyl-N-[2"-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine.



The water content of the material produced according to the exanple 11
within the powder diffraction chanmber X Pert is for the nagnesium salt of
(S) - N (1-warobosese®- et hyl - prop- 1-yl)- N pentanoyl - N-[2' - ( [PCT/EP03/01047
Htetrazol -5-yl)-bi phenyl -4-yl met hyl ] -am ne 13. 0% neasured with a

t her nobal ance” TGS-2. The total fornul 2695 approximated fromthis content of
water for the WO 03/066606 PCT/EP03/01047 -66 crystalline part Bl, M of
the material produced according to exanple 11 as (C24H27N503) 2- My2+ - 3.8
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water-free atmosphere in the thermobalance as well as in the powder diffraction chamber
X'Pert. Both of the substances obtained after 70 hours from the beginning of the treatment in
the two different devices revealed according to the thermobalance and the X-ray diffraction
pattern the existence of the monohydrate Dy oOf the magnesium salt of valsartan. After 70
hours both of the substances were exposed to a higher relative humidity. In the X-ray device
X'Pert the conditions were 26°C and the relative humidity 45%. In the thermobalance the
conditions were 23°C and 30% relative humidity in air. Both of the materials obtained,
produced according to example 11 are mixtures of the tetrahydrate B4 mg Of the magnesium
salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-{2’-(1 H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine and the amorphous magnesium salt of (8)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-{2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl}-amine E1mg-

The solid state characterization of the material produced finally after equilibration according
to example 11 is performed with a DSC Pyris 1 from Perkin-Eimer Corp., Norwalk, CT USA.
The glass transition is measured with a sample weight of 2.57mg in a sealed gold container
with a small internal volume of ca. 22 microliters and applying a heating rate of 10 K-min™.
The glass transition temperature for the amorphous magnesium salt of valsartan Eq g as a
part of the material produced according to example 11 is Tq = 100°C and the change of the

specific heat Ac, = 0.3 J-(g-K)™.

The water content of the material produced according to the example 11 within the powder
diffraction chamber X'Pert is for the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-
N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine 13.0% measured with a
thermobalance TGS-2. The total formula is approximated from this content of water for the



absorption bands expressed in reciprocal wave nunbers (cn) for the material
produced according to exanple 11 within the thernobal ance TGS-2 of

Per ki n- EIwero3@aeispe , nanely the anorphous from EL, My as t IR€TrrR03I0WeTPONENt
and the crystalline formBj,Ms of the magnesiumsalt of
(S)-N-(1-carboxy-2-net hyl - prop- 1-yl )-T\ﬁfbem anoyl -N-[2'-(1Htetrazol -5-yl)-
bi phenyl - 4-yl net hyl ] -am ne: WD 03/ 066606 PCT/ EP03/01047 -67 3182; 2960;
2870; 1596; 1508; 1460; 1406; 1359; 1302; 1264; 1206; 1174; 1104; 1013;
1005; 9&9stafiftd pal B3y, OiltAe mierial paftiuced ﬁccﬁdiamxb exahapl®n das ((Cb;HB;N@@s)f he

tri hydratg,, C of the magnesium salt of (S)-N(1-carboxy-2-methyl-prop-1-
yl)- N-p [2'-(1 Htetrazol -5-yl)-bi phenyl - 4-yl met hyl ] - am ne.
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of 50 m-njn'. Thé&5substance obt ai ned af toer the trihydrate
Cl, My of tjhe—Tmagggsiumsgt—of 21
(S)-N-(1-clarboxy-2-nethyl -lprop-1-yl)-Npentanoyl -N-[2' - (| H-tetrazol -5-yl) -
bi phenyl - 4f yI net hy5] - ani nd. The water cdhBent of the sulpstance C1, My is
det er m nedw - 1 i.e. water |oss
after 13 hpours in wat er -ff r ee atm)sphere' at a tenperature of 28Cis 8.5%
yi el di ng af bound 4%t er content in the prI(bduct Cl, My of 10.0% A total
forml a i si—eal-eulat-ed—ragm-thi-s—ratve—tgr—Cl-M—as—{(E24H27N503) 2- My2+ -
2.8 H20 Caf cul atlﬁp of theg interlatti ce181 ane intervals|is taken from X-ray
powder patferns megasured with a powder qdiF fraction chagber X Pert. The
characteripgtic lines for tlhe trihydr gnesium salt of

val sartan pre as 4@ lows: |d in [A] : 1718# 10.23, 8.96) 7.18, 6.97, 6.81,
6.24, 5.93 5784 % 72, 5.p9, 5.42, 5. 29g P LI, 5.0L, 4.82, 4.67, 4.57,

4.49, 4.30[__4.19, 4,13, 4.102, 3. 88
250 13.5

275 ‘ 14.2

13 hOUFSVIS

The crystalline part By vg as the tetrahydrate of the magnesium salt of valsartan has been
characterized with calculated plane intervals from X-ray measurements performed with a
temperature-humidity powder diffraction chamber. The characteristic lines for the crystalline
part of this material are listed as follows:

din[A]: 15.82, 11.02, 8.03.

Measurements of the infrared spectrum took place by means of ATR-IR (Attenuated Total
Reflection — Infrared Spectroscopy) using the instrument BX. The following characteristic
absorption bands expressed in reciprocal wave numbers (cm™) for the material produced
according to example 11 within the thermobalance TGS-2 of Perkin-Elmer Corp., hamely the
amorphous from E; iy as the main component and the crystalline form By yg of the
magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-
biphenyl-4-yimethyl]-amine:



Exanpl e 13 Production of the magnesium salt of
(S)-N-(1-carboxy-2-nethyl - prop 1-yl')-N-pentanoyl -N-[2" - (1

H t et razovospbeeedi phenyl - 4-yl met hyl ] -am ne i n anor phous fPeTmPELONY WO
03/ 066606 PCT/ EP03/01047 -68 4.02 ng magnesi um salt of

(S)- N-(1-carboxy-2-net hyl - prop-1-yl)-fNfent anoyl - N-[ 2' - (1H-

tetrazol -5-yl)-bi phenyl -4-yl nethyl]-am ne as hexahydrate AO Ms is filled
into a sanple pan of a DSC Pyris 1 and the substance was cooled to -50C

and heagfigh. 9@66 %3!65%96Th§o@0|q160n9406r 3850, WaB2;1{B4K1206; M4 74.and4he@td; ng was
10 Kk mn-". ter coollin e nplten substance to room tenperature the

substan&@%@ﬁ@e"\ﬂfa%%tﬁ@r 2%@ 738 88®r phous form of the magnesi umsalt of
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-Npentanoyl-N-[2'-(1

Htetrazol - 5-yl)-bi phenyl -4- ylnethyl]-am ne. The characterization of the
subst anExarmleNg produced according to exanple 14 is performed wth the

DSC Pyr P.%d%cuo% tﬁé’ﬁih‘y@&té’ba& et tﬁ@h%bﬁéﬁurﬁ%&wmﬂc%omﬂ@@lwépﬂhe

heat i ng h heating rate of in a
seal ed gichpQﬂtﬂnOdI Nd?- (\Aﬁrﬁt"a@IM pipheykAryimethyl-amine eveal ed a gl ass
transition phenonena. The glass transition terrperature measured for the
anor phous form E1, My of the nmagnesium salt of

car boxy7@.3metdiynagaesipmsalt of (&)- e(ﬂtWQ\WF’QWFWPP' -yl)( N-pentanoyl-N-[2-(1H-
Ht et f
etr a?e(ﬁjlalz?:l %Jé?ibllﬂt\a W}llmé’lﬂﬁsﬂ] IRtiRY bd h@a@h?&raté ASJ Qs'[?_ egé&fh’{b amep&hange o

t he speci acity wat er content is
neasur egruciplesofigedeavicefwhieh Rifows fﬁ(ﬁ@bﬁéﬁ'@P%[ﬁﬂ"’%@n%a theBidifyPregram a5t fungliqrofpi n. -

usi ng at.&g%rngl?é@étépf& 3&;’@@% t@ﬁté@é@{r@ Wﬂ@ﬁra’cﬁor?p&[@ﬂn ?élﬂ\ldehalfff@éﬂ%h

cont ent rm ne e anor phous formEL My o magnesi um sal t
of (S) - thambera$' BerRy The isetheaigil lemperaturglis 28fGpand &”ﬁd%te'hﬂfezNa etinosphere is
Htetra heI; ! ucing SRaGIEshEn 54t sxanmpl e
13 at tﬁ%a&%aftég)arl?@ theA15\|é=ny Iﬁgﬁﬂgllel??ad;ﬁu%ﬁ%%rgatureg of gSCs: with 15.5%
The t ot walsdrtamad hexahydrateMy, m@pl@e@d:w@tmnﬁum@g@mMWswﬂn%E@Sc?ethhsu ni ng
15. 5% %ﬁ, fere@r H ns of
ATR-I R %ﬁﬁﬁgnuat e gﬁﬁé’@%ﬁﬁeéglﬁlg%é?lfn ragﬁraet Qﬁggg?ﬁgggggzﬁdﬁg&n )(12 'ﬂB@
i nst r umeh0 BXminThd@he substaneryobteised iafipold beirs isalbe ditprraie am@f§h%xpr essed in
recipro N3 - - -vl)-
(SN ( Er_@gg&‘%ﬁfrﬂ sgg @nﬁ) —l((? @rb%%@%%tﬁhﬁ'g% ‘t"l Org}?:@ﬁf%hb)}‘lfﬂ( 523?“1! té¥fazol-5-yl)
Ht et rabipheﬁylw-y)lmbihuﬂrenyme4 yl met hyl ] -ami ne in anorphous form E1, My
produced according to exanple 13: 3189; 2959; 2871; 2356; 1589; 1507; 1459;
1405; 1358; 1299; 1263; 1206; 1174; 1104;

The water content of the substance C4ygis determined with a thermobalance TGS-2. The

weight loss, i.e. water loss after 13 hours in a water-free atmosphere at a temperature of
28°C is 8.5%, yielding a bound water content in the product C; ug of 10.0%. A total formula is
calculated from this value for Ci g as (C2sHzNsOs)* Mg - 2.8 H.0.

Calculation of the interlattice plane intervals is taken from X-ray powder patterns measured
with a powder diffraction chamber X'Pert. The characteristic lines for the trihydrate C g of
the magnesium salt of valsartan are as follows:

din[A]: 17.94, 10.23, 8.96, 7.18, 6.97, 6.81, 6.24, 5.93, 5.84, 5.72, 5.59, 5.42, 5.25, 5.11,
5.01,4.82, 4.67, 4.57, 4.49, 4.30, 4.19, 4.13, 4.02, 3.88.

Example 13
Production of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-
(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine in amorphous form E; yg.



1013; 1005; 974; 942; 841, 736; 668. Formnul ati on exanple 1. Directly conpressed
tabl et: WO 03/066606 PCT/ EP0O3/01047 -69 No. Ingredient proportion per

bat ch pr opormioemsoper [g] tablet core [ng] 1 val sartan cZCTiRPe3/e@lT
tetrahydrate 134.24 80 according to the present invention 2 Avicel PH 102
(mcrocrystalline 60.408 36 cellulosep83 |actose (crystalline) 96.1494
57.3 4 crospovidone 7.551 4.5 5 aerosil 200 (silica, colloidal 0.839 0.5
anhydrous) 6 magnesi um stearate (vegetable) 6.2086 3.7 Ingredient no. 1 is

sieved t : lroxenand. M xe6. 1 LW RSHd 1l W th

I ngr edi é%@ﬁ%@gépﬁ%ﬂ%ﬁ%ﬁé@(ﬁg (E:Bsdé(?%sé]%{ghyg&g |Bln18*l }eﬂ;s)puérrllgb hrﬁ)ty lalgf[gtt { S‘r \(,amss

\t/)m' th }D:Jrmtazsl-®VI)-@ijhmln%ylmeth]-afnhe aF hexahydrate Aoexisfiliedino a sampie PR Yduced
y ro : [ o] ' of hat ch

41t ansiC EOREF phdfhe dftsienBdlal cBleat 260'C aftfdis B MRS CoTh hona? ©

aclclor Ioli matetweast 108 Komirskand heating wasr 0K G d¥ftepepaling thermetter sytatanasitagogmo 54

cel | ul ose r oV] Ll o | Qi :

75 1. 5 Otpslali TR USRI B e BaRl s chibrbils 5 of e Eadi@gi gaifero )

| ngr edi ¢8)-N-(hearkbxg-2amethyi-preg-1-y)-Ng@ntanoykN<42 4 hd-tebaasibtydcbipheryl-4r eund

roller C)/Pmnaﬁﬁ]t-grq"ﬁne.

The characterization of the substance E1 g, produced according to example 14 is performed
with the DSC Pyris 1. The cooling of the obtained substance E;ug o —50°C and the heating
up to 145°C in a DSC Pyris 1 with a heating rate of 10 K-min™ in a sealed gold container with
a small internal volume revealed a glass transition phenomena. The glass transition
temperature measured for the amorphous form E; yg of the magnesium salt of (S)-N-(1-
carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine
is Ty= 73°C and the change of the specific heat capacity is Ac, = 0.53 J-(g-K)“.

The water content is measured in a water-free N, atmosphere and at a heating rate of

10 K-min™" using a thermobalance TGS-2. The sample weight is 2.5mg and the water content .
is determined for the amorphous form E; yg of the magnesium salt of (S)-N-(1-carboxy-2-
methyl-prop-1-y1)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine, produced
according to example 13 at the plateau of the weight loss for a temperature of 225°C with
15.5%. The total formula of E4y, was calculated as (CasH27NsO3)* Mg?* containing 15.5%
water.

Measurements of the infrared spectrum took place by means of ATR-IR (Attenuated Total
Reflexion-Infrared Spectroscopy) using an instrument BX. The following most important
absorption bands expressed in reciprocal wave numbers (cm™) characterize the magnesium
salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-
ylnﬁethyl]-amine in amorphous form E; v produced according to example 13:

3189; 2959; 2871; 2356; 1589; 1507; 1459; 1405; 1358; 1299; 1263; 1206; 1174; 1104;
1013; 1005; 974; 942; 841; 736, 668.

Formulation example 1:

Directly compressed tablet:



The band is mlled and after adm xing ingredient no 6, conpressed into
tablets using a single punch tablet press wth punches of a dianeter of
8mm WO 080866666 PCT/ EPO3/ 01047 -70- What is cl ai med i SPCI/EPAS/6@lt of

val sartan selected from (i) polynorphs of the tetrahydrate, (ii)

pol ynmor phs of the trihydrate, (iii) th&9ronohydrate, and (iv) the
i-(calciumsalt of valsartan) pentahydrate, in each case of the cal cium
salt of valsartan, and the anhydrate thereof; and selected from(i) a

pol ynorphic form of the hexahydrate, (ii) the trihydrate, (iii) the
nmonohydrate, and (iv) the tetrahydrate; in each case of the magnesium salt
of val §&c an| Ingretlierite anhydr at e t her eoff proportion par batgle cloprapergion eetl ai mh 1 i n
crystallline,{partially crystalline or r phous form hydr at e
of the|calciumsalt of valsartan accordrng to claim1, %aﬁugpg%r&ghgg d by

(1) aniX-ray| palgatean ¢editrarsaltetiabpdnate h) 884324 ni er canerj@@onpri sing the
followng interlatti ¢ pl ane lntetrval din [Al: 16.20.3, 11.40.2, 9. 90.2,
9.40.2,| 8.06p3%" T‘%g‘bhfpr%s%ﬁ“’ﬁ%' 5/ 820. 05, 4.940. 05, 4.730. 05,

4.330. 0% 47 TAGicORH 402 3Picrrystalfhiz0. 05{ @0.4¢3 1 ) an ATR-[I3 spectrum havi ng
t he foljl ow ng a\tz&%rg)ti on bands expressged in reciprocal] wave nunbers |(cm):
2960 (1); 16REE'USP! 1578 (st); 1459 () 1442 (n); 1417 (m); 1407 (ny;
1364 (M3 15>|@c{83e(ér9§t%mh@9 758 (M ; 788144 ); 698 (nh57.4. The

tetrahydrate!o he calciumsalt of val 1
char acte i sejcwpowp%ray powder pattefaStaken with & ®inier canerg
conpr i §igTg the Qi bedEal BARldaRT T CE [ pBage intervalsipg rn [AlT 16.|20. 3,
9. 90. 2, 5T 9.40 ge og-ggd"t 7.040.1, 6.490.05, 5.820.05,| 4.940.05, 4.130.05,
3.930.05. 5. vhbydfwshydrate of the calgiumsalt of vallsartan accordirng to
cl ai m F=—chalarterisedd T POMEISpg@at Tern takegiyWwth a aai nijer
caner a c60m:)ri g?aﬁgé‘lt;'ﬂr@%ft%%@%v&yﬁ%&é%)erl att?ce plane intervals: WD 03/l066606
PCT/ EPO3/ 01047

Ingredient no. 1 is sieved through a 0.5 mm sieve and mixed for 15 minutes in a Turbula with

U)

ingredients 1-6. Tablets are compress using a single punch tablet press with punches of a

diameter of 8mm.

Formulation example 2;

Tablet produced by roller compaction:

No. | Ingredient : proportion per proportion per
batch [g] tablet core [mg]
1 valsartan magnesium salt hexahydrate | 400 80

according to the present invention

2 Avicel PH 102 (microcrystalline 270 54
cellulose)

3 crospovidone 75 15
aerosil 200 (silica, colloidal anhydrous) | 7.5 1.5
magnesium stearate 15 3
magnesium stearate . 7.5 1.5

Ingredients no. 1-5 are mixed for 50 minutes and compacted on a Freund roller compactor.
The band is milled and after admixing ingredient no 6, compressed into tablets using a single
punch tablet press with punches of a diameter of 8mm.



-71 din [A: 16.00.3, 11.40.2, 10.00.2, 9.40.2, 8.060.1, 7.750.1, 7.030.1,
6.480. 05, 6.100.05, 5.160.05, 4.750.05. 6. The trihydrate of the cal cium
salt of wabgawéa@ns according to claim 1, characterised by Z0T/ERes/enp4powder
pattern taken with a Guinier canera co?)ri sing the following interlattice
plane intervals: d in [Al: 16.20.3, t¥050.2, 9.90.2, 9.40.2, 7.040.1,

6. 500.1, 5.790.05, 4.740.05, 4.160.05, 3.960.05. 7. The trihydrate of the
calciumsalt of valsartan according to claiml, characterised by an X-ray
powder pattern taken with a Guinier camera conprising the follow ng
interlattice plane intervals: (i) din [A: 16.10.3, 11.40.2, 9.90. 2,

9. 40. 2, Whaids glaimedyish 1, 6. 470.05, 5.790.05, 4.150.05, 3.940.05; or (ii)
an ATR- 1R spectrum having the foll ow ng absorption bands expressed in

reci procal wave nunbers (cmi): 1621(st); 1577(m.;, 1458(m; 1405(m;

1354( w) ;1. 12 7ssalh of vatsattapseleqtsd figm () pebiierphs sbtherstralydraiee nonohydrat e of
the cal qwlﬁﬁé?hggfmgltwdpﬁa according to claim1, characterised by an
X-ray powder pattern taken with a Guinier camera conprising the follow ng
i nt er | at(i) the menchweratetaddval s: din [A]: 16.00.3, 15.00.3, 11.60.2, 9.40.2,
7.530. 1,4 th’ejrﬂ-(Qa"_iciu%-saﬁ%@l\/&;@&’t{m%hﬁh%r@f&t he di-(cal ciumsalt of

val sartan) according to claim1, characterised by an x-ray powder pattern
t aken wiibgach cagerpfdhe ealpismsalt ofyalsaritay apd dhe arhdEe Hiereeft erl at ti ce pl ane

i nter Va'a?fdéééc’ibc{fﬁlrh 15.50.3, 11.50.2, 9.40.2, 9.040.1, 6.460.05,

6. 090. 05, 5. §320. 05, 5.160.05, 4.480.05, 3.600.05. 10. An anorphous cal ci um
salt of (& payeemhigdersr df the hexahydeaten 1, characterised by heating up froma
tenperatwtﬁeftm dpgbow OC in open or closed sanple pans up to 220C or higher
t enper at ures b)}la gl ass transition tenperature with a change of the

speci fi diihthetmergiwerats, andnd showi ng no mel ting point and no enthal py of

fusi on. avﬁtheTtQEa % hous calciumsalt of valsartan according to claiml,
characte(r'sed y ) %.Sgh wat er content of 11 2% (ii) a glass transition of

94 20C ineadscarsaslee Peunesiys/selt ohvalsartan, apd fhe)anhydiate therrpfpoi nt

2. A salt according to claim 1 in crystalline, partially crystalline or amorphous form.

3.  The tetrahydrate of the calcium salt of valsartan according to claim 1, characterised by
(i) an X-ray powder pattern taken with a Guinier camera comprising the following interlattice
plane intervals: d in [A]: 16.2+0.3, 11.4+0.2, 9.9+0.2, 9.4+0.2, 8.0610.1, 7.05£0.1, 6.50+0.05,
5.821+0.05, 4.94+0.05, 4.73+0.05, 4.33+0.05, 4.17%0.05, 4.13+0.05, 3.93%0.05 or

(i) an ATR-IR spectrum having the following absorption bands expressed in reciprocal wave
numbers (cm™): 2960 (m); 1621 (st); 1578 (st); 1459 (m); 1442 (m); 1417 (m); 1407 (m);
1364 (m); 1357(m); 1012 (m); 758 (m); 738 (st); 698 (m).

4.  The tetrahydrate of the calcium salt of valsartan according to claim 1, characterised by
an X-ray powder pattern taken with a Guinier camera comprising the following interlattice
plane intervals: d in [A]: 16.2+0.3, 9.9+0.2, 9.440.2, 8.050.1, 7.04+0.1, 6.49+0.05,
5.82+0.05, 4.94+0.05, 4.13+0.05, 3.93+0.05. '

5.  The trihydrate of the calcium salt of valsartan according to claim 1, characterised by an
X-ray powder pattern taken with a Guinier camera comprising the following interlattice plane
intervals:



(iv) no enthal py of fusion. 12. The anorphous cal ciumsalt of valsartan
according to claiml1, characterised by (i) a water content of 9 2% (ii) a
gl ass traweiogioemoof 143 20C (iii) no nelting point (iv) Poo/EPoy/bakpy of
fusion. 13. The hexahydrate of the magnesium salt of val sartan according to
claim1l, characterised by an X-ray povtier pattern taken with a Guinier
canera conprising the following interlattice plane intervals: din [A]:
19.60.3, 16.60.3, 10.30.2, 9.80.2, 7.30.1, 6.010.05, 5.920.05, 5.550.05,

5. 380. 05 in”[Aﬁ.ﬁ%:(ﬂ%ﬁ 41 ?41%:2050.04:0979:49@2',]é:o@%@g?g;%i@.ﬁ; 7.(?:5?%0.% ,eé.hémﬁé ate of

t he magnesi‘urth salt ~of val sartan accor aracterrsed by an
X-ray poaviiet0.Qat5 t40.05KetdH0i05h a Gui ni er canera conprising the follow ng
interlattice plane intervals: d in [Al: 15.80.3, 11.00.2, 8.00.2. 15. The
trihydrate of the magnesiumsalt of val sartan according to claiml,

char act e8.i sethe toliydrate)6frtbs calcnoesaltpd valsartan asconding thclainGlii ahiasacterised by an

10, 50, 5. Rbilgnds? sl bt s P carfprB UGmbAUES Y Riating s Bigpe iard” >

5. 010. OSintefvaB2@.i0 FA]: 46.270.30%1.540.300966.2, 44100, DNB4+0l1,1860:851, 5.294205,05. 16.

The nono um salt of valsartan according to claiml,
char act e%?g'je(gb%fog%to%rg?%%gvﬁgér pattern taken with a Quinier canera

conprising the following interlattice plane intervals: d in [A]: 15.10.2,
10.90. 2,,10.30. 2 . 66Q..1 120,05 17. An_anpr phoys. nesi um salt of
vai sar (a1 acUB AVl Al pRIBut AT xepdrmt BerRnE RO P eeg by o8

t enper at XHray pewdds patiernGékemwitipe Guiniercdansard compyising freesllawing int&iceqslane

hi gher tepperatures by a glass transition tenperature with a change of the
speci fi c'nﬁgv s capacity and showi ng no nelting point and no enthal py of

f usi on. ()@ iAJAPE6A8A6.3PCTAECR390104£79.4+0.2, 2820.ThE. 038011 pb.dUS0.05,0512&EW05,Sal t

of val sa ot di to claiml, characterised by (i) a water content of
16 3% (‘f'itl%lbe\&%%a%%(){t%aﬁgition of 78 20C (iii) no nelting point

(ii) an ATR-IR spectrum having the following absorption bands expressed in reciprocal wave
numbers (cm™): 1621(st); 1577(m); 1458(m); 1405(m); 1354(w); 1273(w); 1012(w); 756(m);
737(m); 667(m).

8.  The monohydrate of the calcium salt of valsartan according to claim 1, characterised
by an X-ray powder pattern taken with a Guinier camera comprising the following interlattice
plane intervals: d in [A]: 16.00.3, 15.0£0.3, 11.60.2, 9.4+0.2, 7.53+0.1, 6.11+0.05.

9. The pentahydrate of the di-(calcium salt of valsartan) according to claim 1,
characterised by an x-ray powder pattern taken with a Guinier camera comprising the
following interlattice plane intervals: d in [A]: 15.510.3, 11.540.2, 9.4+0.2, 9.04+0.1,
6.46+0.05, 6.09+0.05, 5.82+0.05, 5.16+0.05, 4.48+0.05, 3.60+0.05.

10. An amorphous calcium salt of valsartan according to claim 1, characterised by heating
up from a temperature far below 0°C in open or closed sample pans up to 220°C or higher
temperatures by a glass transition temperature with a change of the specific heat capacity
and showing no melting point and no enthalpy of fusion.

11.  The amorphous calcium salt of valsartan according to claim 1, characterised by
(i) a water content of 11 £ 2%
(i) a glass transition of 94 + 20°C



(iv) no enthal py of fusion. 19. A salt according to claiml in a form

sel ected fromthe group consisting of (i) a crystalline form (ii) a
partly crwetoalbdone form (iii) an anorphous form and (iPCI/EROpeloyTOr phous
form 20. A salt according to claiml in the formof a solvate. 21. A salt
according to claim1 in the formof a hférate. 22. A salt according to
claiml in the formof an anhydrate. 23. A pharnmaceutical conposition
conprising a salt according to claiml and a pharmaceutically acceptable
exci pi enfiii)ovo raelthg pyiat 24. Pharmaceutical preparation according to claim

23, furtﬁ r _conpr.i si at |east one conpound selected fromthe group
consi st i @'@fe :alW?{}ﬂlﬁ@Co-A reduct ase inhibitor or a pharmaceutically

acceptabl e salt thereof, (ii) angiotensin converting enzyme (ACE) Inhibitor
or a pha t hereof, (iiji) calcium channel

tically acceptable salt ) | ]
bl ocker wg?%%lﬁmﬁ?&étﬁ p@lgﬁwsaéth’féfalsgggréag%r@ng fr¢laigt 1. ghiacterisad dyer one
synt hase(j) élhb@rb@mteﬁto@ phey maceutically acceptable salt thereof, (v)

al dost er gne ant agonj.st a pharmaceutical |y acceptable salt thereof, (vi)
dual ang&'g?é’ Fﬁ'%EB'HQ%P ‘F‘Hbigﬂz(g/rre/ neutral endopepti dase (ACE/ NEP)

i nhi bi t ofiiiy@o rAeltimhpsirBceut i cal | y acceptable salt thereof, (vii) endothelin

ant agoni gt or arymaceutically acceptable salt thereof, (viii) renin
i nhi bi to&")d}o %‘[‘% He¥0%i cal |y acceptable salt thereof, and (ix) diuretic

or a pharmaceutically acceptable salt thereof.

13.  The hexahydrate of the magnesium salt of valsartan according to claim 1,
characterised by an X-ray powder pattern taken with a Guinier camera comprising the
following interlattice plane intervals: d in [A]: 19.6+0.3, 16.620.3, 10.3+0.2, 9.84+0.2, 7.30.1,
6.01x0.05, 5.9210.05, 5.55£0.05, 5.38+0.05, 4.90+0.05, 4.1320.05, 4.07+0.05, 3.43+0.05.

14. The tetrahydrate of the magnesium salt of valsartan according to claim 1,
characterised by an X-ray powder pattern taken with a Guinier camera comprising the
following interlattice plane intervals: d in [A]: 15.8+0.3, 11.0+0.2, 8.0+0.2.

15.  The trihydrate of the magnesium salt of valsartan according to claim 1, characterised

. by an X-ray powder pattern taken with a Guinier camera comprising the following interlattice
plane intervals: d in [A]: 17.9£0.3, 10.240.2, 8.9610.2, 7.1820.1, 5.93+0.05, 5.84+0.05,
5.42+0.05, 5.11+0.05, 5.01£0.05, 4.82+0.05, 4.67+0.05, 4.30£0.05, 4.19+0.05, 4.13+0.05,
4.02+0.05.

16.  The monohydrate of the magnesium salt of valsartan according to claim 1,
characterised by an X-ray powder pattern taken with a Guinier camera comprising the
following interlattice plane intervals: d in [A]: 15.1£0.2, 10.9£0.2, 10.3%0.2, 7.66%0.1,
5.12+0.05.

17.  An amorphous magnesium salt of valsartan according to claim 1, characterised by
heating up from a temperature far below 0°C in open or closed sample pans up to 220°C or
higher temperatures by a glass transition temperature with a change of the specific heat
capacity and showing no melting point and no enthalpy of fusion.
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18. The amorphous magnesium salt of valsartan according to claim 1, characterised by
(i) a water content of 16 £ 3%

(i) a glass transition of 78 + 20°C

(iii) no melting point

(iv) no enthalpy of fusion.

19. A salt according to claim 1 in a form selected from the group consisting of
(i) a crystalline form;

(i) a partly crystalline form;

(iii) an amorphous form; and

(iv) a polymorphous form.

20. A salt according to claim 1 in the form of a solvate.
21. A salt according to claim 1 in the form of a hydrate.
22. A salt according to claim 1 in the form of an anhydrate.

23. A pharmaceutical composition comprising a salt according to claim 1 and a
pharmaceutically acceptable excipient or additive.

24. Pharmaceutical preparation according to claim 23, further comprising at least one
compound selected from the group consisting of a:

(i) HMG-Co-A reductase inhibitor or a pharmaceutically acceptable salt thereof,

(i) angiotensin converting enzyme (ACE) Inhibitor or a pharmaceutically acceptable salt
thereof,

(i) calcium channel blocker or a pharmaceutically acceptable salt thereof,

(iv) aldosterone synthase inhibitor or a pharmaceutically acceptable salt thereof,

(v) aldosterone antagonist or a pharmaceutically acceptable salt thereof,

(vi) dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP) inhibitor or a
pharmaceutically acceptable salt thereof,

(vii() endothelin antagonist or a pharmaceutically acceptable salt thereof,

(viii) renin inhibitor or a pharmaceutically acceptable salt thereof, and

(ix) diuretic or a pharmaceutically acceptable salt thereof.



