24 JUL 2006 -1 SALTS OF VALSARTAN The |nvent| on relates to additiongl RAWo0s
salts and salt hydrates of the AT1 receptor antagoni st
(S)-N-(1-carboxy-2-nmethyl-prop-1-yl)-Npentanoyl -N-[2'-(1

Htetrazol - 5-yl)-bi phenyl - 4-yl - net hyl ]--fami ne (val sartan) of fornula H3C CH3
\'"/ 0O0CH2Il HIC-C-COOH CCNH2H CH2 (). HNNN=N The active

i ngredient valsartan is the free acid which is described specifically in EP

0443983¢ A1 §RRSEVALSARTANanpl e 16; it has two acidic hydrogen atoms: (i)
the hydrogen-atom (H afo om of the carboxyl group, and (ii) that of the

tetrazole ring. Accordingly, one acidic Hatom (primarily the carboxyl 1-1
atonm) or_both acidic H atoms may be replaced by a nmonoval ent or higher
val ent, Eheinvefitivalreiates toaddiionalvexesplts @nt salthydratescofiiee Adr mntOElanta@se@B
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salt sol Methe-aminag(valyaetanl efformiveanwhi | e, the active ingredi ent val sartan
has been introduced as an anti-hypertensive agent in a series of countries
under the trade nane DI OVAN. The free acid valsartan has a nmelting point in
a closed crucible of 8%@0 95C I%nd in an open crucible of 105 to 110C and a
nelting enthal py of 12 he specific optical rotationis [a] 20D
=(-70 2) O measured $or a «:oncentratlon of ¢ = 1% in nethanol. The density
of the val sarta, crysfial s ahd of the salt hydrates was determ ned by a

hel i um @ycno?a@i fﬂ%up M330 of Mcroneritics, Norcross, GA, USA). The
density fory sta § of tdm:)ﬁiree acid valsartan is 1. 20 0. 02. Case
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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.

C 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.q. 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 kd/mol. The specific optical rotation is

[a] ®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.



Case 4-32345A
-2 The X-ray diffraction di agram consists essentially of a very broads JUlL 2006

diffuse Xray reflection; the free acid is therefore characterised as al nost
anor phous under X-ray. The melting point I|inked with the neasured nelting
ent hal py of 12 kJ/ nol unequivocally coqggrns t he existence of a

consi derabl e residual arrangenent in the& particles or structural dommins 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 nmanage in the
drying or grinding processes following the final stage of the chem cal
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anor phOUﬁwef@frﬁﬁloﬂrof(sth afd SaIthRfrateb oRUMsdrdnWith ﬁb%s#é@lﬁﬂvénlégeoﬁ.:% 1), and
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properties has proved to be difficulf. In the majority of cases, for example amorphous salts

with little stability are obtained (such as hard foams, waxes or oils). Extensive research has

shown that the additional salts 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
(i) mixtures of those single salt forms which exist for example in the form of conglomerates
or (I11) 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), (11}, and (lil) with each other.



Pref er r P64 PR3 £ or exanpl e selected fromthe cal ciumsalt of val &dtt b
in crystalline and anorphous forns, especially in hydrate form primarily
the tetrahydrates, the trihydrates, the nonohydrate, the di-(calciumsalt of
val sartan) pentahydrate, the anhydrate, the anorphous forns thereof;
magnesi um salt of valsartan in crystal tPrie form especially in hydrate form
primarily the hexahydrates, the trihydrates, the nonohydrate, the
anhydrate, the anorphous forms thereof. The salts according to the
i nvention preferably exist in isolated and essentially pure form for
exanpl n_a degree of chem cal purit f >95% preferably >98% prinmarily
>99% Tﬁée‘ceé'ﬁgﬁgﬁt%ﬁ@rftobﬁ’ﬁqrf"f)eéPiePWQ f@%"’&? according to the invention is

>98% prc@fcﬁrnabéwoﬁ%%’énan%eﬁ/afaﬁMevanmnﬁd}shéusqerra&Ieré,peé@@ indyHat@iar ding to
the invention, or the anorphous forns sol vates such as salt hydrates, and
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limted sta as the so hav restri ility
range. Thergef. stabl | ised, they require certain nmeasures which can be

achi eved for exanple by galenic formulations. In addition, both the
crystalline and the anorphous salts and salt hydrates according to the

i nvent i 0he Isalmaa@:olrdig@ tajﬁ'@rieemibn grederablyaexisbin isolatestand essentidiy puseifssmafori al |y
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wat er solubility can, under certain conditions, also lead to increased
bi ol ogi cal availability of the salts or salt hydrates in the case of solid
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Ref | ecti on- Infrar ed Spectroscopy), th both nethods permt a clear
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great Cggdothierdrcfhefing ehtdiby. 280crystaiihe B, %Q@ﬁy&r@téshﬁm%&’ohuorﬁ'fs dge active

subst ance and |tsrg eni ¢ forms during production,
mixtures thereof according to the invention have limited stablhty, i.e. as the solid, they have a

restricted stability range. To be stabilised, they require certain measures which can be
achieved for example by galenic formulations.

( tn 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 iead 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



st or age 938 “a¥mAfstration to the patients. The invention accordingldé JUL 2006
relates to crystalline, also partly crystalline and anorphous salts or salt
hydrates of valsartan. As well as the solvates, such as hydrates, the

i nvention also relates to pol ynorphous forns of the salts according to the
i nvention. Solvates and al so hydrates o#-the salts according to the

I nvention may be present, for exanple, as nono-, di-, tri-, tetra-, penta-,
hexa- sol vates or hydrates, respectively. Solvates and hydrates nay al so be

consi st Hrﬁﬂoddﬁc@&@tf@ﬁ@ﬂﬁﬁdﬂtﬁe bathvieQeibstahcL XMl §aleMb FotnidMuringlbréuctiohour sal t
nmol ecul es per solvate or per hydrate nol ecul e.” Another possibility for

exanpl e storagg and agmigigtratioriodhairatientfe st oi chionmetric related to three, five,
seven solvent or hydrate nolecules. Solvents used for crystallisation, such
as al cohol s, especially nethanol, ethanol, aldehydes, ketones, espeC|aIIy
acet one Theétvention acagrdinglyyelates de arvetalingyalpepaiy stistalinerandemorphgus salts or

grating 'Pﬁf‘{" Lk ‘F'in sipparmaceutical |y acceptabl e solvents. The extent to
which a>o S{ S’ vent or water leads to a solvate or hydrate in -

crystallisation and in the subsequent process steps or leads directly to
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process i 0N And -t HE Var Yous 1t er Setion an and the
sel ect edf thelsaknbccoedipg to thielipvemtiber . The respective stability of the
resulting crystalline or anorphous solids in the formof salts, salt
solvates or salt hydrates, nust be determ ned by experinentation. It is
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dependent on anbi ent con rons. “I'n con
subsequent process steps or leads directly to the free acid is generally unpredictable and

depends on the combinations of process conditions and the various interactions between
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

(7 determined by experimentation. It is 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 crystaliine



case of CepRBtE3MYArates, there are clear stoichionmetric ratios betwdehJihellb
phar maceuti cal active substance and the water. In many cases these ratios
do not fulfil conpletely the stoichionetric value, normally it is
approached by | ower val ues conpared to theory because of inperfection or of
certain crystal defects. The ratio of -drganic nol ecules to water nol ecul es
for the weaker bound water may vary to a consi derabl e extend, for exanpl e,
even extending fromthe anhydrous form over nono-, di-, tri-
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and al sgarfTR AOKHOLOETRIS, e rﬁ@@é&wt@mr@eﬂsﬁmﬂhQ:mwaterTmotpart icularly
preferred salt hydrate is the tetrahydrate of the calciumsalt of valsartan

in th¢3St15'6h'§’Ff’@F"fi’nf"lfe $‘6$§ﬂ°ﬂf'°%maylhqwﬁ"%ﬂ Ashe §‘i@é—‘@|’9%?fr"68ﬂlﬁ/£yrﬁ§?“°? ‘or a
heating rate of T, 10 K-min -1 it has a nelting point of 190 1.5 OC and a
melting enthal py of 79 4 U-Mbl-'. The tetrahydrate of the calciumsalt of
vaksar tlarsome easep st igdrot gpeaile taclassify thergract ﬁé’ ighinmetnbeitthe waterdseleeylest t he
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structure o | ecul he 1 ndi cat ed ng poi'nt is a hydrate’ neltlng
poi nt  that tbh egheddad wates m@amie%@annntbedeteg'emedp'edﬁm fedmt ai ner. Gol d
containers with a wall thickness of 0.2 nmwere used; after weighing in
sanpl es of between 2 and 4 ng salt hydrate, they were sealed by cold

wel di nghortheesrysigpdling soting bavirey isiehitoabchamicaltoompakitibn gbe diferenteesifitingecrygal

mcrolitres. _Th f t he vol une of the pressurised
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anhydra o?ymorphous modifications, and also amorphous forms, as appropriate and expedient.

The particularly preferred salt hydrate is the tetrahydrate of the calcium salt of valsartan in
(_ the polymorphic form A, c.. In a closed specimen container, for a heating rate of
T, =10 Kmin ™ 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



pl ace. BAY TR gh hydrate melting point and the amount of the mel2#éndl 1006
ent hal py are an expression of the exceptional stability of the crystal

| attice of the formAl,ca of the tetrahydrate of the calciumsalt of

val sartan. These two t hernodynam c characteristics illustrate the

advant ageous physical properties, corrpa@ed to the free acid, with the tw
correspondi ng data, nanely a nelting point in the closed systemof 901C and
a nelting enthal py of 12 kJ. Mol -1. These thernodynam c data, together with
the X-r @alskheter) r@mw@n’téaeuremeg}hosthabmélmrtg/pmrﬁt tonvergdry i thk alnaydraﬂeetak&'éley are
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absorption bands expressed in reciprocal wave nunbers (cni'): 3594 (w),; 3307
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Intensity. The characteristic absorption bands of the ATR IR spect roscopy
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1186 (ni’e"'é%lfnifrﬁmplgfécm?%e'dl %5( ﬁi‘g'aé%’( 758 (m): 738 (st): 698 ().

The errgpe lt@tfa@waraié)af tAk lcaRRePERE biovaldABAR, of ha%TtRe lfdholwing Sbgoption DdMIsVat er
content is in theory 13.2%for the te;rahydrate of the calciumsalt of

val sartSWTSSW'ﬂ@eQ'WBC?W@”Wb&ﬁ%@"TGS-Z (Perkin-El nmer Corp. , Norwalk, CT
USA ) t BSo\af)es3®o eﬁSG 529@}%)”2%(1(“? W?ngﬁﬂf@w@f)mu@ ﬁan 449 (k)

bet ween 250 and 2 A total was cal cul at ed fromthls

( C24H27R&b3R(m); 1687 (zn) 1@§4 m); 3357 (Mal31P (mas'@74 (iR ()41 200 (mMmo b0 (my);
1149 (w); 1137 (m); 1105 (m); 1099 (m); 1012 (m); 1003 (m); 974 (m); 965 (w); 955 (w);
941 (w); 863 (w); 856 (w); 844 (m); 823 (m); 791 (m); 784 (m); 758 (m); 738 (st); 698 (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

( 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 (m).

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-Eimer Corp. , Norwalk, CT USA ) the water content
was determined for the polymorphic form A, c. between 25°C and 225°C as 12.3 %. A total
formula was calculated from this (CasH2rNs03)> Ca®* (3.7 1 0.2) H,0.
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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:

din [A]: 16.2+0.3, 11.440.2, 9.920.2, 9.4+0.2, 8.0640.1, 7.05:0.1, 6.50+0.05, 5.8210.05,

4.94+0.05, 4.7310.05, 4.3310.05, 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 Ay .. The melting point of form Az cais 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 A, ¢,
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 & water-free N, atmosphere, the weight loss is iliustrated in Table 2.

Table 2

‘temperature [* C] weight loss or water loss in %
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The theoretical water content is for a tetrahydrate of the calcium salt of valsartan 13.2%. The
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 (024H27N503)2' Ca®" - (3.9+£0.2)
H,0.

A solid state characterization of the calcium salt of valsartan in form of the tetrahydrate A, ¢,
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, ¢, is obtained
from the interiattice 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.
din [A]: 16.2+0.3(vst), 9.920.2(w), 9.42£0.2(vw), 8.05+0.1(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:
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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, ¢, as a function
of temperature, was measured at a heating rate of 10 K'min™. The results are illustrated in

table 3.
Table 3
temperature [* C] ~ weight loss or water loss in %
25 | 0403
50 20+05
_ 75 40+05
C. 100 6.3+05
125 8505
150 95+05
175 97205
200 9.9+05
225 89105
250 10.0+£05
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 interiattice plane
intervals. The measurements have been performed with two samples of the trihydrate B, ¢,



of the cohss 4623484 of valsartan and with two different instruments.2qdél 2008
first instrunment used was a tenperature-humdity powder diffraction chanber
X Pert fromPhilips Analytical X-ray. 7602 Alnelo, NL, equipped with a | ow
and nmedium tenperature attachnment from Anton Paar G nbH, A-8054 G az,
Austria. The second instrument is a powjer diffractonmeter PW 1710 also from
Philips Analytical X-ray, 7602 Alnelo, NL. Two parallel neasurenents with a
ref erence sanple, nanely a tetrahydrate of the calciumsalt of val sartan
have been us owder di ffractonete
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the DSC neasurements of the melting of the trihydrate B2.Ca of the calcium
salt of veRlIweak=aWal so a gl ass transition was observed, as an unequi vocal
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The characteristic reflections in the X-ray diffraction diagram reveal the following interfattice
plane intervals for the form By ca:
din [A]: 16.0£0.3, 11.420.2, 10.0£0.2, 9.4+0.2, 8.06+0.1, 7.7520.1, 7.03+0.1, 6.48+0.05,
(‘- 6.10+0.05, 5.16+0.05, 4.75+0.05.

The new polymorphic form B; ¢, 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 Bz ca of the
calcium sait of valsartan also a glass transition was observed, as an unequivocal proof of
amorphous substance present in this substance. The giass 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, ¢, of the calcium salt of valsartan. The value for the

change of the specific heat was calculated as Ac,=0.2+0.1J (g'K)™". The amorphicity
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anorphicity Case 4-32345A 2 4 JUL 2006 -12 present in the substance B2, c,
approxi mated by this value for the change of the specific heat is 18 12%
The crystalline trihydrate B2,C, of the calciumsalt of valsartan is
according to the heat of fusion nmeasur®&i-with the DSC Pyris 1, the main
conponent is this crystalline product, the anorphous part of the cal cium
salt of valsartan is a mnor part. The water content of the trihydrate B2.Cl
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part based on the short range order of the molecular interacting substances valsartan,
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 trinydrate 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 B; ¢, as a function of temperature, was measured at a heating rate of 10
K-min™. The resuits for the polymorph B, of the trihydrate of the calcium salt of valsartan
are illustrated in table 4.

Table 4
Temperature [ C] Weight loss or water loss in %
25 T 01202
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250 10.5 0.5 275 10.8 0.5 The solid state characterization of the
trihydrate of the calciumsalt of valsartan B2,Cl was perforned by X-ray
powder spectroscopy using two differentqainstrunents and two different
charges produced with the evaluation of the interlattice plane intervals.
The first instrument was a powder diffractometer PW 1710 from Phili ps
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performed by X-ray powder spectroscopy using two different instruments and two different
charges produced with the evaluation of the interiattice plane intervails. 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 interiattice
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.
din [A]: 16.20.3(vst), 11.5£0.2(w), 9.9£0.2(w), 9.4+0.2(w), 9.020.1(vw), 8.13+0.1(vw),
7.780.1(vw), 7.04£0.1(vw), 6.50£0.1(vw), 6.0910.05(vw), 5.79+0.05(vw}, 5.18+0.05(vw),
4.95+0.05(vw), 4.74+0.05(vw), 4.160.05(w).

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

din [A]: 16.2£0.3, 11.520.2, 9.9+0.2, 9.4+0.2, 7.0420.1, 6.50+0.1, 5.7920.05, 4.74+0.05,
4.16+0.05.

Another polymorph of the trihydrate of the calcium salt of valsartan namely the By ¢, has a

melting point measured with a heating rate of 10K-min™ in a hermetically sealed sample celf
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The water content of the polymorphic form B; ¢, for the trihydrate of the calcium salt of

(-_ valsartan was determined with a thermobalance from Perkin-Elmer Corp., Norwalk, CT USA,
named TGS-2 with a value of 9.840.5%. The total formula was calculated from this bound
water content for the polymorphic from B, ca with (C24Hp7NsO3)*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 B; ¢, @s a function of temperature, was measured at a heating rate of 10
K:min™. The results for the polymorphic form Bj ¢, of the trihydrate of the calcium salt of

valsartan are illusirated in table 5.

Table 5
temperature [ C] weight loss or water loss in %
25 0.320.2
(, 50 1403
75 28+05
100 57+05
125 84205
150 9405
175 96x05
200 97+05
225 98+05
250 10005
275 10.2+0.5




Case 4-32345A
The CGuinier camera FR552 with a X-ray filmin transm ssion geonet ry,zl’uHLn@%a

Cu-Kaj radiation fromEnraf Nonius, Delft, NL has been installed to
characterize at room tenperature the crystal lattice by the interlattice,
pl ane intervals of the calciumsalt of ,c.valsartan in formof the trihydrate
B3.Ca. The reflections in the X-ray dlf?l‘aCtIOI’l diagram for the trihydrate
of the calciumsalt of valsartan B3,c, reveal the following interlattice
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calciumsalt of valsartan B3.c. has the follow ng ATR-I|R adsorption bands
express‘édan%V&%@ieﬁk&d&Y wave nunbers (cnt'): 3594(w); 3309(w); 3053(w):
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din [A]: 16.1£0.3, 11.4+0.2, 9.9+0.2, 9.4+0.2, 8.020.1, 7.03+0.1, 6.47+0.05, 5.79+0.05,

4.15+0.05, 3.9410.05.

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 B; ¢, has the foliowing 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), 867(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

expressed in reciprocal wave numbers (cm™):



- 16 3594Cage 4-3934HAY) ; 1621(st); 1577(n); 1458(m); 1405(m); 1354(w); 2B218( 16
1012(w); 756(m; 737(n); 667(m. The error margin for all absorption bands
of ATRIRis 3cml1l. Additionally, a new substance has been found as the

nonohydrate of the calciumsalt of valsartan C,ca. The bound water content
Is 3.10.3% neasured with a thernobal ancgs TGS-2 (Perkin-Emer Corp., Norwalk,
CT, USA). The total fornmula was cal cul ated fromthe bound water content for
the nonohydarte CL,c, as (C24H27NsQB )2 Ca2* . (0.80.2)H20 The solid state
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Anal ytical X-ray, 7602 Al nmelo, NL, equipped with a |ow and nedi um
tenperature attachenent from Anton Paar GrbH, A-8054 G az, Austria. The
characterization of the nonohydrate of the calciumsalt of val sartan Cl, c.
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with 94kJ. Mol - 1 Case 4-32345A 2 4 JUL 2006
The characterization of the monohydrate of the calcium salt of valsartan C, ¢, with the

interlattice plane intervals d is as such, whereby, in the following values are indicated with
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]: 16.02£0.3(m), 15.0£0.3(vst), 11.6+0.2(w), 9.9£0.2(vw), 9.4+0.2(vw), 8.0210.1(vw),

( 7.5310.1(vw), 7.021£0.1(vw), 6.47+0.05(vw), 6.1110.0.5(vw), 4.50+0.05(vw), 4.34+0.05(vw).
The characteristic reflections in the X-ray diffraction diagram show the following interiattice
plane intervals:
din [A]: 16.0£0.3, 15.0£0.3, 11.6£0.2, 9.4+0.2, 7.5320.1, 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
Trs = 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™.



Case 4-32345A
-17 The water content of the di-(calciumsalt of valsartan) as pent ag{}/ggﬁtzm
was neasured with a thernobal ance TGS-2 (Perkin-El mer Corp., Norwalk,
USA) and gave the value at the plateau of 225*C of 8.10.5% The total
formul a was el ucidated fromthis bound. ymter content for the substance
D1, ca as [(C24H27N6CB)' -Ca 212' (4.70.3)H20 Using thernogravinetry, in a
wat er-free N2 atnosphere, the weight loss, i.e. the water loss for the
di-(calciumsalt of valsartan). pentahydrate Di.c S function of
Fenper at Tevan ot e H- GRbuRr AT lAlEn 5 Perfclintn WES megs et it 2 1 or
the di - (ta@insdbamansa mMGb (PalGREMTCorPe NoalsIE (Gt BSAY and lghvs tHealahik bithéabl e 6.
Table 6 Tenperature [Uu ﬁ}s%ight |l oss or water loss in % 25 0.1 0.1 50
1.3 0. Platpau of g5 of 8. 14805%. [he tpta) forppia wag elugidgtedsfsgm ghig bognawaters g 1
0.5 20Q,Bient fd? the sdkrarbed, Qa3 [(Cat 3R> R, - @720%)0,00. 5 The solid state
characterization of the di-(calciumsalt of valsartan) pentahydrate Dl.ca
was achieved with a GQuinier canera (FR 522 from Enraf Nonius, Delft, NL) on
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limts. The intensities of the d-values are given in brackets with the

foll ow ng abbreviations: very strong =- vst; strong -_ st; nediumm weak
=- CN and very weak - vw. Case 4-32374#e8 4 JUL 2006
Temperature [ C] | Weight loss or water loss in %
25 " 0101
50 1.3+£0.3
75 28105
100 51+0.5
125 74105
150 8.0+£05
175 8.1+0.5
200 82+05
225 82%05
250 ~ 83x05
( 275 8605

The solid state characterization of the di-(calcium salt of valsartan) pentahydrate D, ¢, 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.



d in [AGases-8845Ayst), 11.50.2(st), 9.40.2(vw), 9.040.1(w), 7.750. vl 2006
6.460. 05(vw), 6.090.05(w), 5.820.05(vw), 5.660.05(vw), 5.160.05(vw),
4.760.05(vw), 4.480.05(vw), 3.830.05(vw), 3.600.05(vw), 3.360.05(vw). The
characteristic reflections in the X-ray diffraction diagram show the
following interlattice plane interval-st8-d in [A]: 15.50.3, 11.50.2, 9.40.2,
9.040.1, 6.460.05, 6.090.05, 5.820.05, 5.160.05, 4.480.05, 3.600.05.
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The thermal behaviour of this salt hydrate in the region of the melting point only reveals a
certain chemical and physical instability. The thermal data are thus dependent on the
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 Ay, 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 A; e reveals the foliowing 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
Temperature [~ C] Weight loss or watér loss in %
25 0.1%0.1
50 1.0£03
75 6.8+05
100 14105




100 14. £356 %3488 4-32345A 2 4 JUL 2006 _19 125 15.6 10.5 150 1674 gqg 806
175 16.9 0.5 200 17.1 10.5 225 17.3 0.5 250 17.6 0.5 275 18.3 0.

The theoretical water content is for the hexahydrate of the magnesi um salt
of valsartan 19. 1 % The hexahydrate of the magnesiumsalt of valsartan in
formof the polynorph Al.nmg has a bourdd -wat er content at 2250C det er ni ned
as a weight loss of 17.30.5% The total fornmula is calculated fromthis as
(C24H27N503 ) 2- Mg2+ . (5.40.2)H20, The solid-state characterization of the
magnesi um fal't ofqzgal sartan for the pakwwiehic Torm of]the hexahydrate

Al .ng is achieved hy a X-ray powder pattern and by the eyal uation of the
reflections i nto1t5ﬁe inteflattice pl ai64$@8rvals. The npasurenents have
been made wrth—thgee drfferent XTayy sgb_l\%grremb Tire—fj rst i nstrunment used
is a GQuinipr canera (FIR b22 from Enraj nius, Delft, NIL) on an X-ray
filmin trpnsm sg00n geongtry, wrth atu- :rKaﬁ radi ati on pt room tenperature,
Eval uat i ons—ef—the—f++ws—For—ealeul atren ef—the—+ntertatti ce pl ane
intervals pre peréf\zérmad w th a scanner 13rjb Johansson, Ttiby, S and the
reflectiong Tntergitres are determ nedgst gyl t aneously. {The second
instrumentiused for X-rayl nmeasurenents of the new substance A ,ng is a
t enper at ur| humi di2gf§ powder diffracti on8.3c¢h@Bber X Pert flrom Philips
Anal yti cal = %¥ray— 76062 Arneto,—Nt—equipped—wtihratow=and nedi um
tenperature attachenent from Anton Paar GrbH, A-6054 Graz. The third

i nst r unghe tregopsdticetiwater toxeestas fat the héxahytiatact the inzagnesiom st dfoajsavieer

d| ffrac

ot o5 e rege i st AR aAane s 38R b4 it it aithe b A nisgest um
SﬁL 'ag]:: ha'?ia suarrrt(rjcawatre:1 ca?rtgneﬁtezﬂstcaﬂma:rdmmerdmea \Irva:lght lces pf th2ax0. BZSt Sr \éa: ;ss ?egf
\tMth ﬁé g%%?%r %t%cae‘?‘t?%? FPH'N@ asﬁﬁé}*’]ﬁt t“&\i a‘?@ %H?j hin brackets
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of the hexahydrate A, g 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, Taby, S and the reflections
intensities are determined simuitaneously. The second instrument used for X-ray
B} measurements of the new substance A,y is a temperatur-humidity powder diffraction

(. chamber X’Pert from Philips Analytical X-ray, 7602 Aimelo, 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 Almeio, NL. The characterization of the polymorph A4 ug of
the hexahydrate of the magnesium salt of valsartan is achieved from the interiattice 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), 9.840.2(m), 7.3£0.1(w), 6.9+0.1(vw),
6.01£0.05¢w), 5.92+0.05(w), 5.5510.05(vw), 5.38£0.05(vw), 5.23+0.05(vw), 5.15+0.05(vw),
5.05+0.05(vw), 4.900.05(m), 4.5410.05(vw), 4.22+0.05(vw), 4.13+0.05(vw), 4.07+0.05(w),



6. 010. 0%{a®p,4-82326. 05(w), 5.550.05(vw), 5.380.05(vw), 5.230.05(vwW), 24 Jui 2006
5.150. 05(vw), 5.050.05(vw), 4.900.05(m, 4.540.05(vw), 4.220.05(vw),
4.130.05(vw), 4.070.05(w), Case 4-32345A 2 4 JUL 2906 -20 3.960.05(vw),
3.730.05(vw), 3.640.05(vw), 3.430.05(w), 3.290.05(vw), 3.220.05(vw),
3.110.05(vw). The characteristic refle@Bi-ons in the X-ray diffraction
diagramreveal the followng plane intervals: din [Al: 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, 4.900.05,
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I s tabuiméredisin table B. Table 8 Terrperature [u C] Weight |oss or water
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275 14. 8.380095Theormobes it 8#0.65 4 07H0.0mBs@a0@8. i n the pol ynorphic formof the
tetrahydrate Bj,ng is showing a bound water content at 225'C of 13.00.5%
and as shown for 25'Cin Table 8 practically no additional free water is
present Thé‘s&ﬁb‘%aﬁdéhﬁtf@rm@f tﬁétéfﬁah?ﬁ%té@?ﬁ lé%fmﬁaﬂlé‘_%%&phw donEBetheM th a

t her nobal ance TGS-2 of the PerKki n-El mer The t ot al
magnesium salt of valsartan. The tetrahydrate By g shows the following loss of water as a

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
Temperature [ C} Weight loss or water loss in %

25 ' ' 0£01

50 21£03

75 6.5+05

100 95105

125 111+ 0.5

150 120+ 0.5

175 125205

: 200 128+ 05
L 225 13.0+£05
250 138605

275 14.3+0.5

The magnesium salt of valsartan in the polymorphic form of the tetrahydrate B, 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 B, y,. The measurements were
performed with a thermobalance TGS-2 of the Perkin-Elmer Corp., CT USA. The total
formula is therefore calculated as (CzeHz7NsO3)*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
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solid-state characterization of the tetrahydrate of the magnesium salt of

val sartan 131, ng has been performed with an X-ray instrunent by a so-called
tenperature-hum dity powder Case 4-32345A 2 4 JUL 2006 -21 diffraction
chanmber X Pert from Philips Anal ytical-2¢+ay, 7602 Al nelo, NL, equipped with
a |low and nediumtenperature attachenent from Anton Paar GibH, A-8054 G az.
Addi tional X-ray neasurenments were performed with a powder diffractoneter
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limts. Jhe intensitiges are reported in brackets, wth ow ng.
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subst ance Cl, IS t tri te o e nesi um sal t .of valsartan. The
wator GRS Eaean feaaol stFaith (e IRERHGE AARRCEIoTES & Wik RIGSF RS Cor p.
Nor wal K, aggfoprigfefarror TinGtsVahe intériitle8Hre F&pfortehii biidkets aniahe RNBRINgG t he
trihydrate of the magnesiumsalt of valsartan Cl,ng is 10.70.5% The total
f or nul a 3bbrevigtionsaesdstrentnT veli Strenea#2 Megm 5 20, \WeEek = yaanbvesy ME@KFHeV-
sol i d- st @i a6t d [ t4.i.hydrate of the magnesi um salt of

val sartaﬁhgfﬁg'sﬁgsﬁv%)égﬁfoggi o)r’tréehglo\'/adtn&yx-ray measur enents by use of the
tenperature-hum dity powder diffraction chanber X Pert from Philips

Anal yticgl. X- Al ¢ | ] Lum

terpor ot Qe Esteng e Mo e v B PR Balhdetyf s &Yy BRHATE il Bater

c hZ[p act exnieat was nefastited withos treentebdlancegT GS-2 (Perkimdghasi Qonps Ndrwalk, Clie

val sart rihydrate is giyven wth the interlatti.c ne interval
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with the_follow_ng abbreviations: very strong -_ vst; strong _- st; nedium
- m wedROHHEhd very weak - vw. din [A]: 17.90.3(m, 10.20.2(w),
8.960.2(m, 7.180.1(w), 6.970.1(vw), 6.810.1(vw), 6.240.05(vw),

5.930. 05(w), . 5.840.05(w), 5.720. 05(_VZ2 , 5.590.05(vw), 5.420.05(m

5. 250. 05(h¢\p!id-state ehayagteyizationef ¢heptsihydrite of the magsesiym sﬁ.”‘@f@?'@?%% ?w has
4. 570. 0%e¥MberfortnetRitDR (rdWmeaudRtbr@Pbymise & thS SerlBératird-huthidhs Podaier st ) ,
4.020. 05(vst), 3.880.05(v The characteristic reflections’in the X-ray

di f  r actifactionsgeeber &\es ram &hilig Aoalytica! X-mye 7602 Aimelo, NL equipped with a
low and medium temperature attachement from Anton Paar GmbH, A-8054 Graz.

The characterization of the substance C, vy of the magnesium salt of the valsartan trihydrate
is given with the interlattice plane intervals d obtained with X-ray measurements. |n 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.
din [A]: 17.9£0.3(m), 10.240.2(w), 8.960.2(m), 7.18£0.1(w), 6.97£0.1(vw), 6.81£0.1(vw),
6.2410.05(vw), 5.9310.05(w), 5.8410.05(w), 5.72+0.05(vw), 5.5910.05(vw), 5.42+0.05(m),
5.2540.05(vw), 5.11£0.05(m), 5.01+0.05(st), 4.82+0.05(w), 4.67+0.05(w), 4.57+0.05(vw),
4.4910.05(vw), 4.30£0.05(m}, 4.19+0.05(vst), 4.1310.05(vst), 4.02+0.05(vst), 3.88+0.05(vw).
The characteristic reflections in the X-ray diffraction diagram reveal the following plane
intervals:
din[A]: 17.9+0.3, 10.240.2, 8.96+0.2, 7.1810.1, 5.93+0.05, 5.84+0.05, 5.42+0.05,
5.11£0.05, 5.01£0.05, 4.8210.05, 4.6710.05, 4.3010.05, 4.19+0.05, 4.13+0.05, 4.02+0.05.
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5.420.05, 5.110.05, 5.010.05, 4.820.05, 4.670.05, 4.300.05, 4.190.05,
4.130.05, 4.020.05. Case 4-32345A 2 4 JUL 2006 -22 The magnhesi um salt of
val sartan is also form ng a substance as a nonohydrate which is indicated
with D1, ng. The water content was neas#2ed with a thernobal ance TGS-2
(Perkin- Elnmer Corp., Norwal k, CT USA). The water content for the
m)nohydrate D,mis 2.80.3% The total forrmula was calculated fromthis
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characterization of the new substance, nanely the nonohydrate of the
magnesi um salt of valsartan Dl1,ng is denonstrated with the interlattice
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di agr amgriH tAigosppapy/ drate of the nagnesiumsalt of valsartan reveal the
foI “owi ng plane intervals: din [A: 15.10.2, 10.90.2 10.30.2, 7.660.1,
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nol ecul ess\mnb(\m)an el ementry cell of a crystal are within the whole crystal
lattice_in the
The charactertstrc reflections in the X-ray diffraction diagram for the monohydrate of the
magnesium salt of valsartan reveal the following plane intervals:

din [A]: 15.1£0.2, 10.940.2, 10.320.2, 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 moiecular 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 molecuie, however, the long range order is not
existing within the amorphous solid particles. A consequence of this structural facts is the
cofnpletely different behaviour of crystals or of an amorphous substance in heating up,
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nol ecule is in crystal conbined with the | ow range arrangenent. In
contrary, an anorphous substances reveals only a short range order for each
nol ecul e, however, the long range order is not existing within the

anor phous solid particles. A consequen@g-of this structural facts is the
conpletely different behaviour of crystals or of an anorphous substance in
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internal free vol une rrpared with the sanpl e mass and depending on the
wat er ofrve ﬁ@ngﬁglgqgrf@@utm(yg‘sartan namely because of existing salt hydrates, with a bound

water content up to 13.2%, the measurements must be made in gold containers with a small
internal free volume. In the present case, the gold containers had an internal free volume of
(- 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 preduction process. The glass transition was measured with sample weights of 3 -

5 mg in sealed gold containers with a internaf free volume of ca. 22 microliters and applying
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the chemcal entity present partially or conpletely into the correspondi ng
anhydrate or into a hydrate with a |ower water content. Gold containers
with a wall thickness 0.2mm were used; after weighing the sanples between
1.5 and 6ng salt hydrate, they were seg}ed by cold welding. The anorphous
substance of the calciumsalt of valsartan E .c, related to the
tetrahydrates and the trihydrates has a water content of 11 2% The water
content is given through the |aboratory production process, The gl ass
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crystalline su nce € water content is neasured using
thernogravinetry, in a water-free N2 atnosphere with a TGS-2 (Perkin-El ner
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of ca. 1B23%. TheMaterrcantentlisdesd gefingd én ameabrphgus &dren, ak tHdwktemimpldculeghia gl ass
transi tajnoanmcgrgﬁrgl?sr& e aencie%re;r %egkezao%%g wﬁﬂ% tan %oﬁ%ﬁ ifre compared to a
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:



of the $Rs€i4323480at capacity is at the glass transition tenperaturéé JUL 2008
Acp=0.50.25 J-g-1-K-1. No nelting point and no enthal py of fusion could be
observed. Preferred are polynorphic forms that are essentially free of

anor phous forns. A further object of the invention is the preparation of the
salts according to the invention. The2$alts or salt hydrates according to
the invention, including anorphous or crystalline forns thereof, may be
prepared as foll ows: Case 4-32345A 2 4 JUL 2006 -25 To formthe salt, the
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solxvents that may be used are for exarrg al kanol's, preferably ethanol
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be for exanple kylnitril especi al acetonl esters,

especi appgropiately sglektasdecar boxyl i ¢ aci d- O - C5- aI kyl ester, such as ethyl or

i sopropyl acetate, di-(d-Co-alkyl)-ethers, such as tert . - but yl et hyl et her,
furthernore tetrahydrofuran, and C5-Ce-al kanes, especially pentane, hexane
or hept &he solfénds maethMmQSMedmly@qamplté €i-Ogalkaoclesprefesabi attnpkandsed i n
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prefera ter &SI
concent wateed, for exanple by heat| ng, if necessary under

The antisolvents for salt crystallisation may be for example C,-Cr-alkylnitriles, especially
acetonitrile, esters, especially C,-C;-alkanecarboxylic acid-C4-Cs-alkylester, such as ethyl or
isopropyl acetate, di-(C,-Cs-alkyl)-ethers, such as tert.-butyimethylether, furthermore
tetrahydrofuran, and Cs-Cg-alkanes, especially pentane, hexane or heptane.

The dissolving and crystallising process is characterised in that

(i) 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 sait or salt hydrate obtained is isolated.



Case 4-32345A

reduced pressure and by seeding with seeding crystals or by slowy 724 JUL 100t
evaporating, e.g. at roomtenperature or at el evated tenperatures, then
crystallisation or precipitation is initiated and (iii) the salt or salt
hydrate obtained is isolated. Case 4-323bA 2 4 JUL 200B -26 In the

di ssolving and crystallising process, the water-containing, organic solvent
system enployed is advantageously a m xtures of al cohols, such as ethanol,
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such as Cr-al kanol s, especially ethanol, and water. An appropriate
soI ent stIBrco@qurismomeawat@h in an appopaatgrelvent ain est er such as O - C7- al kane-
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The solvent system used as the water-containing organic solvent advantageously comprises
mixtures of suitable alcohols, such as C,-C;-alkanols, especially ethanol, and water.

An appropriate solvent for equilibration is, for example, an ester such as C;-Cs-alkane-
carboxylic acid-C;-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
reproducibifity.

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. C4-Cr-alkanecarboxylic
acid-C-Cr-alkylesters, especially ethyl acetate, ketones, e.g. di-C,-Cs-alkylketones,
especially acetone, C;-Cr-alkylnitriles, especially acetonitrile, or ethers, e.g. di-(C;-Cs-alkyl}-
ethers, such as tert.-butylmethylether, also tetrahydrofuran, or mixtures of solvents. By



convent i Oaed 428467 i n production processes, such as esters, e.g. 24 JuL 2006
C - C7-al kanecarboxylic acid-d-C7-al kylesters, especially ethyl acetate,
ketones, e.g. di-C, -C5-a | kyl ketones, especially acetone,

C3-Cr-al kylnitriles, especially acetonitrile, or ethers, e.g.

-(Cl-Co-alkyl)- ethers, such as tert.outyl methyl ether, also
tetrahydrofuran, or m xtures of solvents. By Case 4-32345A 2 4 JUL 2006 -27
using the dissolving and crystallising process, or the water-equilibrating
crystallisation, process, the defined hydrates, which are present in

Cryst al | 457 R dISSAVES erpHatisng Brasess, otle WatnBRihTaiNG SyFEHseI® y. The
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These salts or hydrates' according to the I nvention afe obtai ned for
exanpl e B§Y b@@b&amﬁurgpr@guﬂh@ acid valsartan with a base corresponding to the
respective cation. This neutralisation is suitably effected in an agueous
medium e.g. in water or a mxture of water and a solvent in which

val sart afihé pracessessot iobhingtdaiis aralikeniserobjesds oftheiprésenbmkentidrases may be
converted into other salts either by treating with stronger bases or by
treating wwth acids and then neutralising with other bases.
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sol vent may al so be present in |lower concentrations. OMmng to the
restrictadd tbﬁt%?““?ﬁ?‘[]&"‘f'ﬂ"t‘? he§ba§8$-sart an, the process frequently takes
place in suspensions, or if valsartan is soluble in the other solvent
conmponent, in a solution. |In one enbodinent, for exanple to produce the
cal ci um&ystalligatiopapsnactalin of the a¥line garth salt bixdrates o elfastedin water o aBut r al i sed
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left to crys 1se. In a prererre proce ure, crysta Isation Is
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cryst al et B, R3cBenol Bt ko (RSN oRE SBid e, BF, DSO, The

| ow t en'@éqaaoimoet!cg‘r@mowns tq ab@d di02 oy2o%e, Br 205k toDif)advantagesisly 30%|taT@%of

et hanol by volume. For higher alkanols, the less polar solvent may also be present in lower
concentrations. Owing to the restricted water-solubility of valsartan, the process frequently
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 ethano! 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.



In a préfaSeretlifiA ant, crystallisation may be optinised, e.g. acceldrHtietb
by adding at |east one seed crystal. Case 4-32345A 2 4 JUL 2006 -28 To
produce a salt of valsartan in a desired formas a hydrate, or an anhydrate
and in a specific polynorph, or in a specific anorphous formthereof, a

di ssol ving, chenical reaction, and cry8t-allising process is used in
particular, or a water-equilibrating crystallization, or an additional
drying-equilibrating process. In the follow ng, the processes consecutive to

the di sgQlyang 24 6%@3%%??'&8&?&%'}@%5%hgh}at@,eor%édyg@%te &hd in a
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product drier, such as an exanple a paddle drier. The conditions in the

dri er apuspessionhEnaliquichphanesfélis sHeRARSIon ipehanged stapwisa er eantiseysdyiing o obt ai n
t he sal hRaili t r-ad I r %ﬁ‘rﬁ% t of the
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Forms. arS g 20 BIPRE The 58S EMrorlan toften dithddtiat 04 BRE efing

t her nobalystate apparatus e.g. TGS-2, or in a tenperature-humdity powder

diffr aCEii5 %@pgﬁ?er%%ro’btaefngd sgﬁheglraﬁe in the crystalline state from the mother liquid, or from
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 @ 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 Ay ca Or the Ag g 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.



or in DIT#EHERI Scanning Calorimeter, e.g. DSC Pyris 1: then (ii 2124 UL 7006
equi librated by exposure to different relative air humdities over di fJerent
periods of tine, optionally (iii) relaxed over different periods of tine,
and then, if necessarey, (iv) isolated. Case 4-32345A 2 4 JUL 2006 -29 The
dehydration step is carried out essentiddll y by dehydrating the correspondi ng
starting material in a water free atnosphere, under inert gas, in a defined
tenperature range and over a defined tinme intervals. A suitable tenperature
is fromroomtenperature to 1 OOOC. Suitable tine intervals are from 30

mnutes to 70 hours. The equilibration step is carried out by expaosing the
dehydr at'é8 debydratieon stepieraified avtesstally iy idebydrpling e corregpendingh#ldntdes range

from 20%dteri AYa vatetttettatRiosphita] dHdeY inelt s iRl Poictine@RerRBéraffie kandieineen 30
mnutes to 50 hours. The preferred tenperature range for the equilibration

step i s et aeefinegdine trivals* & sutplle fepprralsieisdrony raam tefergiatie it 100 Gent i on
's pref %fuﬂ%l% tihn%Q{n%P\Fa% Bé ﬂd%b@hih'téé d Aflnourk/TPOr tant condi tions anong

others are the relative humdity of the atnosphere in the drier, the
tenperature of the atnosphere and the tenperature of the dry product, all

t hese : : 1 o [ AY) drying
time. 1 nf Op gApEianaR et VAN B eldSingi BohERReTToRe dirasnt 3F T
pr oduct hufilidhtiesaiRrefdrmediarhunddities famge drohy 20%tte 70%r netetive mirdfumddityal t hydr at e of
val sartan during the crystallization or precipitation process, or during a
recrystallization process as a suspension or as a product in a drying

pr ocess The rélaeatdtgevibdl ¥s indtwb e 30atisutes to S0kours.qThd ppafased tempsnatupairangal
pressur f the water .in.the at er f.a drier. The conposition of the
| i Zﬁi d S‘Hg@%e‘ﬂ‘lﬂ“br rbﬂ@l‘?&%‘é{??’ﬂ?@%?’ﬁ%&%al sartan is suspended and its
tenperature are decisive for the activity of the water. In the drier, the

partial _pressure of the water is adjusted_under equilibrium ar
The EvmaRcettied 19 BRErsaenh PuERINS BieieTably fsolales oy spistelNgliongi ty of the

non- equi
inlet gas stream the tenperature of the drier and the tenperature of the

substance dried, the wuptake of water or the dehydration of the substance
dried, {MeoraAnbePRdiaRsAMeNgOthersRsp Hisrrg'atiye fumidity b the ¥mospkergimbiiebnies dri ed.

o Cour%’teﬁﬂbéfétﬁrg%fﬂ%!ét%dé?h%r%?n%ﬁ@fen’iﬂ@rﬁﬁ#ﬂ &né A ﬁgdﬁét%ﬁ tHgebecul es at

the beginning and the end o e drying process and the kinetic of the
dehydr apargmedsrs iag @ funetinn cfitee dryindategramandiaae thedrying tige inteaval yrhielsalse of the

water i ged e i Fifl state of the equilibrated product.

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 vaisartan 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 retative 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 partiat 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



An addlkjgg aladagpmodynani ¢ paranmeter, which is decisive for the sal £ 4 JUL 2006
hydrate o sartan and the polynorphic formof the final state of the

product, is the tenperature. The thernodynanmic stability regions of the

sal thydrates of valsartan are dependi ng al so on Case 4-32345A 2 4 JUL 2006

-30 tenperature, or in other words cerbeln sal thydrates of val sartan and

pol ynor phs thereof are only stable for given tenperature regions. As an

exanple, a selected salthydrate of valsartan can only be crystallized or

can only be recrystallized also froma solution if the tenperature is
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| an |nq ganlcior organic, solid or optionally also |liquid

pharnac@ﬂ??ﬁ PIRPMhccept abl e carrier, which is suitable for enteral, e.g.

oral, or parenteral adninistration The i nvention reIates in particular to a

pharnac ut|c in a so unlt referably

Por or af s Acoring brihe Sier ey bebsed ad Manenon Sratrmatetical | y

accept ahleeaeﬁbﬁs evhic t@tap efdtvelsubstansy &bl mr’esth@taptebu@ank ieffdctiyarhsuriioed for
exanpl e for t he td)é)ro hyl axi s, and treatnent of diseases or conditions which

may be PRIACHYS & % eelianaly togethar with aphgrarcauyrallyBearpleBleLafide e or

condi ti @)Ehﬁ;ﬂé AGthes |ﬁd5r?ah|bB?oﬂjaﬂ@s@l%'o%hbrﬁtﬂly%ﬂso(l%b dbdﬁ?ﬁﬂb@é\ﬁicﬁﬂ‘y congestive
heart failure, renal ailure SPeCI al | chronic renal failure, rest enosi s
R

af r preceniabifearEen Waies| s vitabl ﬁgn@ﬁtl.aegyorabﬁaparegteéai@gmmat@t&n coronary
ry bypass surgery; (b) atherosclerosis, insulin resistance and syndrone

X di abetes nellitus type 2, obesity, ne hropathy, renal failure, e.g.

chr oni cTheingentioni relates, mwﬁtwhytq)a @haimaceutical vempeiéan, eppedallyiiaR saiiéhf ar ct i on

(M), %Ee %Qért:}‘nh{)ﬁ-@{r ?cﬁ%?ét%dn-l?ﬁf&?étfoﬁnéét ﬁa"w% tvﬁﬁ‘” ar%QE%dtr'céigsi .

dysl i pi ten I on, increase of coIIa en | br

r enodel #aegpfabld eariiery hypertension (antiproliferati | ve effect of the

conbi nation), all these diseases or conditions associated with or w thout
hypertension; (c) enclothelial dysfunction with or w thout hypertension, (d)
hyper | | Phatewaceytical/prephiatiops of thisrdnd may be eed frlesamplesfontie prophytaxis and

hyper Cr}?éa?l%ﬁtr &'ﬁé@a@es 8P90nditions which may be inhibited by blocking the AT receptor for
example
a disease or condition selected from the group consisting of
{a) hypertension, congestive heart faiiure, renal failure, especially chronic renat failure,
restenosis after percutaneous transfuminal 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.



(e) gl auceseq-3PBdsrmry usages are for the treatment of high bl ood préésiineli
and congestive heart failure, as well as post-nyocardial infarction. Case
4-32345A 2 4 JUL 2006 -31 The person skilled in the pertinent art is fully
enabled to select a relevant and standard aninmal test nodel to prove the
herei nbef ore and hereinafter indicated 4ferapeutic indications and
beneficial effects. The pharnaceutical activities as effected by

adm ni stration of representatives of the salts of the present invention or
of the combination of active agents used according to the present invention
can be denonstrated e.g. by using correspondi ng pharmacol ogi cal nodel s known

in the pa{didest sidifda znm@pé}%éﬂfhrﬁg'ﬂli&%ﬁablﬁdWﬁelt@%rat fel&aht ﬁf&stbﬁdér’d' ly

enabl ed to select a relevant ani nal o prove the hereinbefore
and her enimélttest meril tapeye tiehensinbefote prdiherginadasindgatediberapeuticandisstianst s.

These b f ts can, for exanple, be denonstrated in the test nodel
as di scl o(?i Bg‘ﬁ%ﬁésalgffeggé remc et al. in J. Carclovasc. Pharmacol. 27:347-354,

1996. For exarrpl e, the valuable potential of the salts or conbinations of

e br eSSt AYE0L IR0 LAloL I RESKER) LA DE BPIIFNLen Rl BY SR LLAL o

i nfarctior can Sang OW ng t udy desrgn ln the
st udy t ahdergsenfioverdion opef t‘rtermn‘hbimajilonrmaagtwaragen;s Lmedlan:soudmg(tﬁ)@l@ presentats i s

used as .a m)delr}rgf acut e r%gcar%i al.infarction. exper.i r’ie cgeia&e carried
out wi t HMEENIPR SenRR demopstied &g, Xé‘?@?u?@ﬂswd{"&ﬁ ﬁ‘@ PSR [PELE!s known

sham open gieqskriventalts The%&oh skdlleddn the feftident art safully anstsledliongeiéa atrevarntesent
|nvent|on djnﬂtothe resent |n¥{§tion+a

on I
coppt nat’ el Gt e 1 piov Rip barenBelats ST BN DdieRiebg AR aic Y ERRs.
i nf\ar ct ﬁumneﬁa{m@ﬂ@a@er volunme interstitial and perivascul ar coll agen
density in spared LV nyocardi um

These beneficial effects can, for example, be demonstrated in the test model 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 (CAQ) 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
+ CAQ + a salt according to the present invention + a combination partner.

During the study following variables are measured:

« infarct size

*» LV chamber volume

» interstitial and perivascular collagen density in spared LV myocardium

» COL-l and COL-lli protein content in spared LV myocardium by Western blot
» cardiomyocytes cross-sectional area and length in sections of LV myocardium
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COL-1 and COL-111 protein content in spared LV nyocardi um by Wester d4hlugtZ006
cardi onyocytes cross-sectionai area and length in sections of LV nyocardi um
Case 4-32345A 2 4 JUL 2006 -32 plasma concentrations of renin and

al dosterone wurine concentration of sodBZim potassium and al dosterone

bl ood pressure in conscious aninmals LV and carotid bl ood pressure in

anest heti zed animals. Methodol ogy Infarct size: Six pmthick transverse

hi st ol ogi cal sections of the left ventricle are stained wth nitroblue

t et r azol | RIESAAGORCETatiens gfyreain@nd/akiosterere CCD vi deo camera (Sony). The

resul ti ”guﬁd@&ﬁrceﬁtréifoﬂ%%&gmoBo@sﬁ@n% didBaesoRsal ysis system (Carl Zeiss

Vi sion) usin software speclfically devel oped (Porzio et alL, 1995). A
si ngl e opelP Bﬁeséll”ied'éiéﬂn%ctp%sr@é[ﬂﬂﬁnt interactively defines the boundaries

of the '&\%H@Bér’bh&%b@ﬁ PPESEUHETIN aHadthelifed aHimagt ed area on each section is
sem automatically identified as the area of unstained ventricular tissue.

The software automatically calculates for each conponent of the ventricul ar
secti on Metodelgg¥s the chamber, septum infarcted area, infarcted LV wall

and vi abl,e, /sl Isix ﬁ‘mstﬁkk g'fangf'e‘P@ﬁlEfo d%ﬁéé’dﬁ%ﬁ@%ﬁthéﬁ’&; il a?é‘ﬁfaﬂ)"%?f or ed

H stol ogy: Hearts are fixed In sit retrograde pertusion wt
4% f or newithehitrdelue sétrazoliem medtacivirati kysa BIW X677 Ck.CClvislepicomend (R0ry) MTBE! .

After fi ?@rng(fimé 33 g ctesyeedqeiégése?_@ﬂﬁaﬁ@%%ggg% %treﬁ'{e R Zeid Vltsgﬁ) Ué:ﬁﬁ'ta

ventri cl s neasur e
cal i per .sdftwale sme:drfmgllycaéveﬂ;metil(ﬁnmcaeteal sﬂa%)ed\ singlé& ohenabard)hydiemto&rmment for

qualitative atl nandto nt i 0 G O3 setlonal ar ea
oo &2 dleFac o8 efiEty 8 rl Sodrbsrt B ety tcele? RS e e PRarp g ALl S

der(\OSI t Ieﬁmhls@cﬂld:‘\ |53eew:ajtmhmhupme8tmrem ﬂhedareﬁbfam’swinaﬁﬁgggtmmm%hb aThe

sem - aut o I.ma n ut i Masso 1

comt oot SO alBR Blcall Saltlater B bash scantenTofthe YenuP iR trded PR 7%
homgenltﬁedhamu&j e§iitanm, rfarbrRdrsd, ISapterLv aphahe sizbleAnd wall es 6tafigebimetticont o
nitrocel | ul ose mnembrane, The blots are exposed to primary anti bodies, i.e.

rabbit AAFMRIELS @:’cﬂr?'%&éﬁ’ t\?§&)1 or type Il antiserum (Chenicon). The
primary anti bodi es are recogni zed by secondary anti bodi es conjugat ed to

al kal i ne phosphat ase (for col agen type 1) or peroxidase (collagen type
111) . Histology: Hearts are fixed in sifu, by retrograde perfusion with buffered 4% formaldehy e

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. Interstitiat collagen deposition in LV is evaluated on Sirius red
stained sections with a semi-automated image analysis routine (Masson et al., 1988).

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 HI antiserum (Chemicon). The primary antibodies are recognized by secondary
antibodies conjugated to alkaline phosphatase (for colagen type |) or peroxidase (collagen

type Ili).

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.



Left verGadectsB28458hanber vol une: LV chamber vol ume is deternined i n2thedHt #06
arrested in diastole (KCI) and fixed in formalin under a hydrostatic
pressure equivalent to the neasured LV end-diastolic pressure. A netric rod
is inserted into the LV to neasure LV inner |ength. Case 4-32345A 2 4 j UL
2006 -33 The transverse dianeters of .tfaa LV chanber are nmeasured in two
1-mmthick transverse sections near to the base and the apex of the
ventricle (Jeremc et aL, 1996). The chanmber volune is conputed from an

equat i on |nte rati ansverse djaneters and inner |ength,. stem ¢ and
ot verlte Enbiesn AR 428 CKChATEberars meus & twe dduisk TReYeTss

SPC- 320)se6iaeehP b the b@sé %ﬁ@ﬁﬁ!@épéx\/gf@ﬁ@@érﬂficle @Eﬁérﬁlc@t%ﬂct {9UB) CFhe bf%mﬁb?er ted
into the right carotid artery to record systolic and di ast ol i ¢ bl ood

pr essur &9lumeng cpmeytagfeonn AR eglakiasy integratiga Jranevarss diamatere and inerigngdiure LV
systolic (LVSP) and end-diastolic (LVEDP) pressures, the first derivative
. of LV pressure over tine (+dP/dt) and heart rate. Non-invasive bl ood

pressur g sﬁéfﬁi'c‘%lddCLQ’t oeﬁtr&wa?rwneo niiggs A rﬁ@Fo%p?fré‘ss”?@ﬁb‘rﬁ%c@b’ Ml
tail-cuff nethod (Letica LE 50 |n conscious rats. Urine e] ectrol yt es,

hor mone$PGRALY canaesinpg i ? mrqi%r ( WdosRt FoHistFipgranicsy ijaseriasintosthy 8k i e
col | ect egdrca8 alnem toli6torf Ngstwﬁé 8hd Hiat@keblosd PRASURRT Th@raré@ue@&@ﬁémicm nes are

ot oo g STy C ST e SER LSRR 510

w th anted mwe:rmhwe sfalVv pekegremvef asl(-edrraahd hel®Mdte( Gol dstein et al,
1981). Plasma and urine aldosterone, and plasma angiotensin 11 is
determ ned with specific radi oi munoassays (Al doctk-2, DiaSorin and
Angdeot einAintasivelbbdud prdsisageto8ystoli) blodd preeswe dindrheartdatecira sssasoveddryethe

measur e llbé'uﬂfrjnm ,P(Q% éd@ép} Scfatmgégy g 10 animals anal yzable in each

treat nent’” groups a e suf i Cl' € biologically significant
differences. Only rats with an infarct S|ze of at |east 10% of the LV

sect Onu?fn%\?al ﬁ é%chﬂprﬁgnéél h?& drk | Wﬁd.v;m\b’%h d lﬁr?ﬁ&w&ic' c%'ge%ﬁﬁ& gRGfion is

bei ng ackno critrcal factor In asc di seases

endot heurmﬁw?ﬂeageﬁi of brrwb@éﬁNr dlVatepintakeds mﬁ@@dofUrmrqmomlmé@ or
by- pr odegtrscted b Bomalsﬂ:mc@ﬁr&nes(\%ana\n@,ssedaiaaéd leand ()Aﬁsxlum Bipeh,i on,
i nhi bition or pronmption of gro flbrInO|XSIS or ronbogene3|s

pr oduct PB¥-BMMAARRIYISE! galHIg, 69“%@WP§EaFR§r gad q@ﬁ!f‘?f’c‘,"é\q 180 predi sposed
hyper t epiischaiica dstestdriicemdendieli BEAY(SdIdsteini 2@/, Coossl| Pldsthatanthlriré nodel

for . o . . . .
aldosterone, and plasma angiotensin |l is determined with specific radicimmunoassays
(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 inciuded 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



assessi fipseHe3&FbAcacy of a cardiovascul ar therapy. Enclothelial di gt hee
is characterized by, for exanple, increased oxidative stress, causiﬁ%
decreased nitric oxide, increased factors involved in coagul ation or
fibrinolysis such as Case 4-32345A 2 4 JUL 2006 -34 plasm nogen activating
inhibitor-1 (PAI-1), tissue factor (TER4-tissue plasm nogen activator

(tPA), increased adhesi on nol ecul es such as [ CAM and VCAM increased growh
factors such as bFG-, TG-b, PDG&F, VEG-, all factors causing cell growth

e R e L i AT
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water. Fhesexperinment is perfornmed in accordance with the N H guidelines

and approved by the Canton Veterinary office (Bew 161, Kantonal es
VeterinArant, Liestal, Switzerland). Al rats are treated with the NO

synt hesirge iftreainw;rk @rg. lof ewvﬁelraﬁicgeﬁmgmaﬁ%éaerﬁ&ﬁtmﬁéd N@&ﬁ@l fdiBwig Nki ng wat er

(50 ng/ 1 or 12 weeks. The avérage daily dose o - NAME cal cul"ated from

t he wat é&aramgmi@gi {86 2.5 ng/kg/d (range 2.1-2.7). The rats can be divided
into 2 or 3 groups: group 1, control (n =e.g. 40); Goup 2, a salt
according to the present invention; n = e.g. 40); for testing conbinations
G oup 3Matermhbndeethodspartner; (n = e.g. 30). The drugs are administered in
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2.12.7).

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



Ten rat &a&%@@?@@&&' group are sacrificed at 4 weeks for collection of &kitnH
and hear nor phol ogi cal analysis. The renmaining rats are sacrificed at
12 weeks. Cardiac and ki dney Case 4-32345A 2 4 JUL -35 weight is recorded.
Term nal blood sanpling is performed in 5 % EDTA at 4 (norphonetry study)
and 12 (end of the study) weeks for algjﬁgsterone, determ nati on by

radi oi nmunoassay using a DPC coat-a-cbdunt al dosterone-RI A kit (Buhl mann,
Switzerland). Statistical analysis: Al data are expressed as nean SEM
Statistical analysis is performed using a one-way ANOVA, followed by a
Duncan' weighl it |r¢ﬂoedecan'®rrtlml blcmdctamphlagwsep&dﬁe'nee it 28 EDTAGt 4 (cwmpbomston

bet ween_t di f.f.er t han
005 artoRabcs Ehder Bt yeEREle Ao e el bt b R FineBER o
art her oss;mgaam%@caattdqmuntefdbetetoneg:{IWM (Béhimanni Bimizéranad).s can, for exanpl e,
be denonstrated by using the animal nodel as disclosed by H Kano et al. in
Bi ochem cal and Bi ophysi cal Research Conmuni cations 259, 414-419 (1999).

That t hgtatigtiésl aWaly@gtbi nations according to the present invention can be
used for the regression of a chalesterol diet-induced atherosclerosis, can
be dennﬁ'é@?tataé%le’éﬁ'ﬁﬁdt@%m?%ttSﬁ%d@at@@?&?ﬂﬁ&ﬂs |seoquorm59 uging & ryway aI in

Br. J. m@'ilﬂafb%we& £981DunchA$: mﬂi@ﬁ@‘ré@%ﬁestﬂ?ﬂta Ngﬁn@ﬁlﬁélﬂesﬁ?@' nations

accordi ng to th present | nvention can used he treatnent of renal

f ai | ur egoneasisen aefweeenh@ difiergnd gmumaﬁe@wés wigha@ pﬂ@a@élﬁﬁbvﬁ@e atless thanfy03 he

t est D. Cohen et al. in Journal of Cardiovascul ar
Phar m?ﬁ?gﬁﬁl@@%fdﬁ@@%ug% #ﬂ?@@ The present pharmaceutical preparations
vvhl&e , iIf so desired, nmay contain further pharmacologically active

sta &fﬁnaqrgvﬁna{t%??égq?gsél%aﬁf mp&be‘%ﬁéﬂ%t@&g Seﬁ?ctjri(ﬁ%e%éﬁfm p;ﬁd hg)élsmsans of

convention g, coatlng, i s ng
pr oces seEs, foranatnprenbadambnstmta@buusﬁg théanimal 00| asqbsmomdltw Hridanadgtalt | %

to about 00% a ance. The
oot b et pdd PR uRA ek ek RrimaTk ok Lo rf 144 o DB 1S o1 i ng
to the |nvent|on The i nvention si mIarIy relates to the use of the salts
accordi 0 the |nve n refe ab for the pr.oducti,on of, .phar maceuti cal
prepar a e 4-

ﬂﬁ%h‘? a@é ﬁéEP%? P‘P ' %H?P&%ﬁegp@ﬁg"%“s%”f%uﬁeﬁégr 4- 32345A
2 4 JULregfé@8ion of a cholesterol diet- mduced atherosclerosis, can be demonstrated using the test

model described, e.g., by C. Jiang et al. in Br. J. Pharmacol. (1991), 104, 1033-1037.

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 contfaining 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



-36 tredtamet-323454 seases or conditions which nay be inhibited by b2dckilnijlh
the AT, receptor. Primary usages are for the treatnent of high bl ood
pressure and congestive heart failure. as well as post-nyocardi al
infarction. The invention simlarly relates to the use for the prophylaxis
and treatnment of diseases or conditiargg which may be inhibited by bl ocking
the AT, receptor, characterised in that a patient, including a human
patient, requiring such treatnent is admnistered with a therapeutically

effective anoynt of a salt cording to the inventipn,. optignally jn

combi natieaReRtdl fiosadasealsngfia s BREILT Bnnbieq Ry bEPiad e R T precklol

car di ovageAdrpussicrens 5 tRE trea@hait @fhigh GRBGtIresstIraatd Rt eshédrs faidre, as

her ei nbef ore or herei aL@g&._The invention simlarly relates to
conbinaﬂ“%ﬁ@Poé?@yoﬁﬁgﬁ e#9cal conbinations, containing a salt of the
present invention or in each case a pharnmaceutically acceptable salt thereof
in conbination with at | east one conposition for the treatnent of

car di ovd$§8inventien SiE3ey relpigs 19 heatsedochndrannyiasisand tralpgstd diseases ped
ner i nO&bRAifork whieh Rl iRhibitdd by BIoBRRHRIRE, dcedta RGEILTsERIN thapg cop! abl e

&
salt thereof. Conbinations w th other nmpositions for the treatnent of
car di ovastentanciddigs adummamiatiest. seeuirirgeuphitreatroentrisl agngusteres vath ai st ed
her ei nb ' i Cepk | : bl e
ol t v noraape s RR dbuntt d QISREHARSE 1 RUBKIERCEHIER) InodRhRAlA
conbi nawitbrat remgt e eareositon fex tiedreatmentof chrdidvaktav diseasemsodirelateads,
sel ecte : , : .St | foa: (] | VI G Co- A reductase inhibitor
or phg?%@@&tal}ncaq|%a%§gg§§{]§8fetéﬁ6£?rg q{rﬁg;eérﬁ) ,eﬁ(i i) angi otensin converting
enaynme (ACE) Inhibitor or a pharnmaceutically acceptable salt thereof, (iii)

| ci h . bl.ock h ticall I alt th f '
o cost ol BREvEn iRt uaTe eref T CBPOBEGH, fRcetr PESERAbetnd Patqrs E4fifhing! | ¥
t her eof a salt ¢ thal préesit éventoraot ingaoh stiseos pharphaentey bccadthhle salt epdradfiie sal t
AT T 1 T
endot held|sted@bRdsN sSAncDdisdasiRB ak NBRE Her siAbdfyreast CRASIRT R, Grahleathesaewsd, (Vviii)
renin inhibitor or a pharnaceuticall ﬁgacc_:ept able salt thereof, and (iXx)

di ur et i BhyMagedlicalyacentakie pek therelpbambinaligns with gthes comegeitions f9p ties A
treatment of cardiovascular diseases and related conditions and diseases as listed
here_inbefore or hereinafter, 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:
(. () 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
pharmaceuticaily 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,
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2 4 JUL 2006 -37 HVG Co-A reductase inhibitors (also called 24 JUL 2006
P- hydr oxy- p- net hyl gl ut aryl - co-enzynme-A reductase inhibitors) are understood
to be those active agents that may be used to lower the lipid |evels

i ncludi ng chol esterol in blood. The clags. of HVG Co-A reductase inhibitors
conprises conpounds having differing structural features. For exanple,
nmention may be made of the conpounds that are selected fromthe group
consisting of atorvastatin, cerivastatin, compactin, dalvastatin,

di hydr ocHEaeeeduetasmniitpts @iso celled by diokyP-mehystulayheo-ghavmedt at i n,
mevast at laPuctRSANABItEs) Bre urfdeY@8bdRid Bk thetd4aReddeRis tﬁ%&%b@%é& tdhower the' n
each case, a pharmaceutically acceptable salt "thereof referred HVG Co- A

r educt agipid lavels inctidingeghelastriokbindtpost s whi ch have been market ed, nost
preferred is fluvastatin and pitavastatin or, in each case, a
pharmaceutically acceptable salt thereof. The interruption of the enzymatic
degr adatTherclags dhtlGtlendiraductase iahipitos ensiprisdsi camnpdursls -haaing eliffering

ACE- i nhi g A i L S a
Successr iR RS, 53 bRamPRCRh e ey PRl ir i CRt P s b b e
avai | ablfmnatrtermoaqnemgmlngmf latmivdstatin, térevastating coempactih, daveptain, ve heart

failure. cl ass,.of, A hi itor ses., co unds hv1n diff rlng
struct i eFabriRRes rehidos ) el TRl e AR Ry LT Bestsotafts
whi ch arriastatieciradastatomaht @e@statin, orcpnsichicaseg aﬂ)mmcemtlcab;eammblé salt

benazeprjlat, captopril, ceronapril, cilazapril, delapril, enalapril,
enaprl I éfﬂ ?f03| nopril, imclapril, lisinopril, noveltopril, perinclopril,
L(:aprl |, rampril, spirapril, tenocapril, and trandolapril, or, in each
har maceut i cal | y accept abI e salt thereof. Preferred ACE inhibitors

are t hod@eiagen - ME fa-AradustasonhiRion sre thoseggents whidt haye baes mayaigsemosl and

enal apr igrefertb@isH A8 8talh a%ﬁa@%ﬁﬂﬂdraih |e¥écﬁ9§§€ 'a%ﬁx%n%bél)f chpé(ddeﬁfa‘b@ssalt( DHPs)
and non-DHPs such as diltiazemtype and ver apam | -type Case 4-32345A

2 4 JULtheef. -38 A CCB useful in said combination is preferébly 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 pharmaceuticaily acceptable sait

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
dittiazem-type and verapamil-type CCBs. |



Case 4-32345A
group consisting of anlodipine, felodipine, ryosidine, isradipine, 24 jyl 2006
| aci di pi ne, nicardipine, nifedipine, niguldipine, niludipine, ninodi pine,
ni sol di pi ne, nitrendi pi ne, and nivaldipine, and is preferably a non-DHP
representative selected fromthe group 38onsisting of flunarizine,
prenylam ne, diltiazem fendiline, gallopam |, mbefradil, anipam]l,
tiapam | and verapam |, and in each case, a pharmaceutically acceptable

salt there ?B usBY) ir Jﬁ‘ﬁf@or%ﬁﬁtlﬂ § gg%f@r%rbﬁﬂﬁbqg‘:#exeﬁﬁ%sée& dfdm the

anti - hypertensive, anti-angrina ori r ant r ugs. Preferred
CCBs co:gmups@naisﬂwofmmlempmel fel@di@me riyesicitle, psnaé;pm haa:mplpe rrécardipinedi pi ne,

Nt Tod PRSI SRRl Be, AR MR RN ancnfacfigeatant or

t he spec har utica accep l e Sa ereof . Especially
preferr mbraksrﬂHPawmnd:bﬁifédememtatweaselq@tmfﬁmcm groap leynsistogpdfdioharizad,t |

especi aII he be ate, reof = An es rred. r resentatlve of
o Dy poranylapind it e AdiiTe: Shtorathl Bkt il FRP 4 ahGRRERERYT |V, e
hydr ochlagd i frt@achtdmeée@bharﬁdmlalé@m raecmvm@aslemlerdvébmi ﬂ:iesleSC@Bs arzyne t hat
converts corticosterone to a sterone to roxyl atin or.t ocost er one
SO o mThesRaHEab Rt ar o aMEREPoTiEnele YN RS & U THEBE GRS, The
cl ass obraibfles temnempist RAAcdibinE! Bk, isadipMRMVRichRIifee aMekipe, f or the
treatnment of hypertension and primry al dost er oni sm conpri ses bot h steroidal

and nonn'”%‘ldé‘?”iﬁ d&?OICHP'B%sQ'%?W“%ﬁRdH%%DﬁWh Pbletg)rd@Pe'ﬂ‘I’ﬁ!‘t cAitee SeRIGCHBst

pr ef er r gnhaffr&dRNiSsIGRckEptabEaR tRsrEMERLekialhy Hre?éfr’@e‘d' ADRPH SRRIRSiIRSr a
synthase inhibitors or those aldosterone synthase inhibitors that have been

ap oveahaqucnétrqaéhaswpa@hlﬁé@lt rgsegciallyithe besywials, heresf.dosespesiallysyriarede
| Di t%ﬁegeﬁimwé%?ﬁoﬁemge%réaawma nGFREAG a@téddsbﬂébe aﬁteééé%gc@%% For

exarrpl e, nenti e Cco ounds are ect m t he
group cmeﬁyﬁrqqh@rue hhheeofﬂon steroi dal aronmatase inhibitors anastrozole,
fadrozole (including the (+)-enantionmer thereof), as well as the steroidal
aromat ase i nhibitor exenestane, or, in each case where applicable, a

phar macaéldpsteadrieysyatrasptietibitor saan endyerecidpbt convhes noditosiermherto altiontenerst ter oi dal

al doste I.n t rochl.ori de
of 1 adr B BraSHiM PR el 8 1o i QbR g, B OriedeBRReg 5%
JUL 2008&ldosta&nk. Nhil clds€lof aldosterone synthase inhibitors is known to be applied for the
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-steroidai aldosterone synthase inhibitor is the (+)-enantiomer of the
hydrochloride of fadrozole (US patents 4617307 and 4889861) of formula



A pref erQazd 4s32346Adal al cl ost erone antagoni st is epl erenone of the 204 Pyﬂ 006
OFO0"" HCH3 CH3 H OLOCCH3 Ir O or spironolactone. A preferred du
angi ot ensi n converting enzyne/ neutral encl opeticlase (ACE/ NEP) inhibitor

is, for exanple, ornapatrilate (cf. EP 629627), fasidotril or

fasiclotrilate, or, if appropriable, asagpharnmaceutically acceptable salt
thereof. A preferred enclothelin antagonist is, for exanple, bosentan (cf.
EP 526708 A), furthernore, tezosentan (cf. WD 96/19459), or in each case, a
pharmaceutically acceptable salt thereof. A renin inhibitor is, for

exanpl e, a non-peptidic renin\inhibitor such as the conpound of formula
Case 4-%@345A , -) CHBH3 CCH3 OHH3CCH3 H HNNNH 2
2000 "HE O ;| aMi CH 3 chemically defined as

2(S),4(9),5(9), 2, 2-di nmet hyl - 3- oxopropyl ) -2, 7-di (I -

met hyl et hyl ) - 4- hydr oxy- 5{am ng- 8- [ 4- net hoxy- 3- ( 3- net hoxy- propoxy) phenyl ] - oct
anam de. This representa ¢ is specifically disclosed in EP 678503 A
Especially prefergegl is thg hem -fumarate salt thereof. A diuretic is, for
exanpl e, a thiazide 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 or ot K388i4d&34Rfdr ochl or ot hi azi de, net hyl cl ot hi azi de, and chl or ot Hdi ildlo#0
The nost preferred is hydrochl orothiazide. Preferably, the jointly
therapeutically effective amounts of the active agents according to the
conbi nati on of the present invention can be adm nistered sinultaneously or
sequentially in any order, separately48r 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 fromelgt abases, e.g. Patents International (e.g. |MS Wrld

Publ i cat|ofds). The correspondi ng @ontent;mhereof is hereby incorporated by
reference. Any person skilled in3t t Qs fully enabled to identify the
active agents and, based on the@H re erencH%C | ikkBbyi se enabl ed to

manuf acturg and test the pharng ﬁndi |on§%9nd properties in
standard tedt_nodel s, bobfNi. 9 2correspondi ng active
ingredients of a pharnaceut|oally accept abl e salt thereof may also be used
in formof a ©qQ ich ag a hydrate or includng other solvents, used
for crystalliza on,T Case[4- 32345A 2 4 JUL 2006 -41 The conmpounds to be
conbi ned can be jpreseént as| pharmaceutically acceptable salts. If these
conpoundﬂsﬁawg, PO eMagpl e; cgYy | east one basic center, they can formacid
addition salts. Corresponding &cid addition salts can al so be forned
having, if desired, an additionally present basic center. The conpounds

having an acid group (for exa Ie COOH) can also formsalts with bases. In
a vari acmemcaltye:l@oed as RES)pHELB(R), 7 BiviriB1ao1ing-2 Redimsthyi-dtoxorropyld-2a7 -di(1-

" Kiet - of |

O R S e 0 RN e S SOTRAP b, |
by use ®his degrésardativefis xpebxfczaﬂbdnalbseﬂwmﬁzﬁemle Bepecidigprefevadisthef  t he
corrpone'qé |fuhﬂa?ate$s' Q’W%%ously or at different time points. The parts of

the kit parts e.g. be adm nistered sinultaneously or
chr onol ogl caIIy staggered, that is at different time points and with equal

Che"t| o SRt belpL P Duree AHeR A Somuet Pudhe gfour@rbRune 8 °af sease or
condi t i eoriothidZidz, hpaﬂobhlecbtlmaadefmeth¢lc|o8mazsdei ant zhpesthalldan. (The eddtect t hat

woul d be bt of only any one of the conponents. The invention
furt her%?eé%% EY%‘QXQIBmSP (frer ci al package conprising the combination

according to the present i nvention together with instructions for

si mul t ra
agre? erably, tﬁg ?omt}y therapeutlcally 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
actuatl 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 manufaciure and test the
pharmaceutical indications and properties in standard test modeis, 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.



sequent i SPS2EB23Magi ng may depend on various factors, such as node? fSUL 2008
application, species, age and/or individual condition. For oral

application, the doses to be admnistered daily are between ca. 0.25 and 10
ng/ kg, and for warm bl ooded aninmals with a body wei ght of ca. 70 kg,
preferably between ca. 20 ng and 500 ny?!especially 40my, 80ny, 160ny and
320ng based on the free acid. The invention is illustrated in particular by
the exanples and also relates to the new conpounds naned in the exanples

and to tiied corHsaaRs 36 Be lcBmMMRIAAAs teQireddte ad bRAMI ALY HREsMable SERS If
foll ow n%eexarrpl es serve to illustrate the invention wthout limting the

i nvent i offeFHCARROUNKENVELIOR SXaAMPIg 42 Aeast ang bpsio geifer. 1agy ean@ifatacihadstition

starti ngs4Mmt &ordbpiidiid a8l aBBtisH satsScanQisibd fondd Falihgyidaadies, ah cal ci um
val sartan and magnesi um val sartan have been produced in the foll ow ng

nmanner . ag¢ffianABhaTeRgNt Gasic aanigrt ThEcerPaNRIS AV bACId SRULIPAERNEREWIE by
sever al é@@il—ﬁ%ﬁﬁ‘ﬂsoﬁ@ﬁn‘?@?l&wﬁ%‘ﬁﬂ@s@ SML (for Starting Material): Production
[ f e

exanpl e as start material for t calciumsalt as the tetrahydrate AO,ca in
situ of (S)-N(1-carboxy-2-nmethyl-prop-1-yl)-Npentanoyl-N[2"-(1

H-t et |- 53l = hi -4 ' b » ;
(9N T ol BioP W phescht G pelieRTelics o a7k 8 Bprs, for sxamele. 1y
bi phenyl tha-sghseethht/hp-camposeatsdo i soubired agtondingrio thenpresantineerition3a0 bel  of

th | . : it . ti
EL e e BB 88 of A el lons LR S Ghe s OEHEIE: "
ar e addetie sbowpbyerits) i smaimulipoedushner dtdiffenerd tioleg@oints. Thee gilatts \of dei Idi of paptsl 4)

lat i that th H.val t ily d ; d I f .

5. Gecaven e d8sbr AErBip SRR or kroRBeRRly TR EL A RET T aces o
CﬁCCB; _diﬂrf]legre&n‘t?n@pcbih's asmﬂdfim ];oqmauot dii‘fgneh:mtae irlt;mebsdeusmgqﬁarszﬁthf\?dt@f pgngk_di ngt ]
the stol 0 ric.. anpunt , o S ,Ca. a er adailn e
excess i'%e "n@é tb%t"f'.e |qtﬁ8/a§so$r8%%§f?eﬁ %E'éﬁéstﬁ? 5bﬁ?tﬁth?H&6%dtcﬁ%ea§ﬁeﬂrl am%unt
of fi nelgonditivh (fete GarBhedwitiedd the pareevader than cneodffart thelt dedid bd diBtained ivg

roduct contained in t solution crystallises continuously upon
P use of onl?/ any one o??he components. y y up

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.



removal ©#se A823#%dhol content by allowing to stand at room tenperat/ur éJi M
procedure can 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 ca. 10% by vol une and nost of the product
crystallises. It is filtered, rinsed fo42a short time wth 10% by vol une

et hanol and dried at 40C until reaching a constant weight.
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N pentanoyl-N-[2'-(1

H-tetraz 1eny| | met hyl ] -am ne cal ciumsalt tetrahydrate Ao, ca
I s obtai ﬁodﬁct}(c{v)eof%t m npg,ﬁaLeilua?/nt for the tetrahydrate of the calciumsalt of
val sart aﬁtaﬂmgonatenais Mwileﬂaw salthydmtaspftcalctunevalbatan and/magessumivalsbdant he

start eatin c peci men
cont ai % b[%ﬁhé)r@%cgfim e fPﬁoé'Y'g(\S/ﬁ]amr}%rlg‘ngépa@Zthren gzg}gp-nat'f'eerfaés +£]% et%er m ned
as Tf us=chbadterized tyrseverdl bnalgticahtetiody. as Af ubH = 92 kJnol -1. The density of
the crystals of the tetrahydrate Ao,ca of the calciumsalt of
(S)-N-(1-carboxy-2-nmethyl-prop-1 Case 4-32345A 2 4 juL zom -43

yl) - N- peptzmmnsy SMN- (et StaiingtMdteaap! - 5- yl ) - bi phenyl - 4-yl -net hyl | - am ne,
produced according to the exanple for start materials, determned by a

hel i um pycnoneter is 1.297 g.CM3 . The specific optical rotation of the

t et r ahy dobgcteh éxaﬁ‘lp@éélstﬁmrﬁétbﬁlal%r tﬁabﬁiaruhaéhrtAﬁ tﬁe té!ﬁél@rﬁﬁbt@%& in sithioP

productlon exanple is neasured at 200C in neth 1% sol utlon [ U 20D=
+1* and (SHH- (ﬂa@%?o’@{r%‘ﬂ‘%ﬁy'?m"‘é@ f\hp?ﬁta'ﬂ)eyé'b'r[&rﬂé'hteﬁr@@'zﬁ)[/') bipherg+4- The
enant i onBheYiaiingf the salt hydrate produced according to the process for
thg start materials, nanely the tetrahydrate of the calciumsalt of
val'ssartan AQ,c~ is det ermned by a stereo-specific HPLC nethod. The

st er eo- spepjs & 6f (%‘}’W(ﬁ&ér%x;} $- Srr?ﬁﬁy(l%\‘@djﬂ} I\@p@r‘%bﬁéﬁh N:Eﬂ KHWitetfdzdl-5qh- AGP), The

enanti oner purit erm ne as ee = 10 The rreasurerrent of

t he inf rtawwylswénath;ﬂ-@wﬁ 3¢ diseolygd prgem t@mpArﬁtweuRSQﬂ\m!eqﬁ@maegl Byt al
Ref ' ecti Pefhl”écfoflfoﬂ%f%@ %lro?%%?yﬁ%ahég\é?% hﬁ&fang?éHuc@a(tigg‘m B?F&dfurﬁ El mer

eaconsti el d ucks Raracteristic sor pt’i on bands of
t he ATR wsiug;@ewnet;@sipgeraa 891d rs‘tCedebléd am/aﬁded shwly insmalpodicrsdo diis clear,
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3306; 29548. Bﬁﬁéﬂse Iﬂ.ﬂ?@]’b&ﬂ.@@@ frofdthé alr;LtmE'Ca @Wuseﬁmmidﬁﬁ‘aceslcﬁ I]aCOg].BO
1137; 1 738 96: 666, Th t 13. 2%
focT e dpors T adiediarlqlin incliRs of See st S 5% - flier il g the 'stoitlomefri2" Y

amount of Ca(OH),, the pH is ca. 6, and after adding the excess it rises to 7. The solution

y.)

becomes turbid through the small amount of finely divided CaCO; , 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 sclution drops to ca. 10% by volume and most of the
product crystaliises. It is filtered, rinsed for a short time with 10% by volume ethanot and
dried at 40°C until reaching a constant weight. (5)-N-(1-carboxy-2-methyi-prop-1-yi)-N-
pentanoyl-N-{2’-(1H-tetrazol-5-yl}-biphenyl-4-ylmethyl]-amine calcium salt tetrahydrate Ay c,
is obtained.

The melting point for the tetrahydrate of the calcium salt of valsartan Ag ¢, , 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 A ¢, of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-



Usi ng t HeaseHed2af54l ance TGS-2 (Perkin-El mer Corp. , Norwal k, CT USA2¥ JUhd00s
water content was determined as 13.0 % A total formula was cal cul ated for
the tetrahydrate of the calciumsalt of valsartan AOc, fromthis as
(C24H27N503) 2- Ca 2+ - 3.9 H20 Using thernogravinmetry, in a water-free N2
at nosphere, the weight loss, i.e. the.-water loss for the tetrahydrate as a
function of tenperature, was neasured at a heating rate of 10 K-min -1 .
The results for the calciumsalt of valsartan tetrahydrate AQ c, are |listed

50 o 73hgEeHtaR R RG0S T Rt SR it o8t Set dag 8,
175 12. 8he etdingdi@ f& s_té??ﬁlaﬂe')‘laﬂk d2febmihdd By aZ’Hu&@yznorﬁetemw aebog -oh. The
o o or sk BB ioldiof! o Riettelr5RTArke St e SR Gt for VA hEAT e e diialen of

the sub%@@ﬁdaue@rpexana@emhéé&w@d at 2o° @fmtrmhml: asum%abmn@ri[ B santapg d in
[Al: 16,27, O. 39, 8.04, 7.71, 7.05, 6.49, 6.34, .87, 5.75,

5. 66, 5lr2watesat§g at 221 ®8s ad). 4% soltiss [0 033:39%. 15, 4. 12, 3 95 3.91, 3.87,
3.35. Elementary anal ysis gives the follow ng rreasured val ues of the

el ements present in calcium valsartan-tetrahydrate and of water. The water
eval uat iTba enasticreermugity ofthe aalt 1BHae mbdwed aexpdingi torthe pilosess fodthreystadf t he

e g M A ol B AT o PR b ey o

stereo-specific HPLC method. The stereo-specific separation is achieved by a chiral column

( {Chiral AGP). The enantiomer purity for Agca 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 A, ¢, 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

C- calcium salt of valsartan Aqca from this as (CasH2NsO3)* Ca®*« 3.9 H,0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water oss
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 Ay ca are listed in the

following:
Temperature [° C] weight loss or water loss in %
25 0
50 0
75 0.5

100 3.5




Case 4-32345A
H6.42 6.47 N 12.91 12.83 0 20.20 20.53 water 13.25 13.21 Ca 7. 0347Us5096

Exanple SM2 (for Starting Material): Production exanple of the nagnesium
salt as the hexahydrate AQ ng in situ of (S)-N(I- carboxy-2-methyl-prop-1
-yl)-N-pentanoyl - N-[ 2" - (1 Htetrazol -5-yi ) - bi phenyl - 4-yi methyl ] -am ne 43.55
g of valsartan (S)-N- (I -carboxy-2- rrethyl prop-1 -yl)-Npentanoyl-N-[2"-(1
Htetrazol -5- yl)-biphenyl-4-yl nethyl]-a mne are dissolved at room
tenperature_in 600 m of 50% by volune ethanol_(from absolute ethanol - see
Merck and quarz-bitSstilled|water). The §D|2ghtly Case 4-82345A 2 4 JUL 2006
-45 tur bi d setuttoppeconesrctear—aftet 3 lﬁlllg afurttrer150 Ml of 50%

et hanol . Using a niasg?;etic stirrer, 4.03 a or 0.1 MMO (Merck p.a.) are
slowy addeéd in smasl portions to this sheghtly acidic solution with a pH
val ue of 4|-The pH value -hetebyrisesto—ca—6—Fhe—proepss is effected
with an extess of 4% i.e.|a further 0. 4699 of MyO are added. This excess
is not fufTy dIssplgved, ang the pH valugalg Ses to ca. 7|5. The small

residue is|filtered fromthe solution throuqh a folded filter and washed
with 50 nl|of 50%2%0hanol . The comnbi ned dBéar solution is carefully
Concentrat-ed—a-t—&egﬁmilst st+r++hg VV|L|1 raghet+-e—st{rrer in a |large
crystallisation dish. Towards the end of ?%I s procedure,|the solution has a

tendency to harden into a glassy gel. Scratchi ng W th a gl ass rod induces

the in sjtu, cry jsation in this p recogni sed by the

b t e o iARHaTEN o HE e BHiaF Plane MEDRISINTR e XOr Boe RS LRRER W Sdr | ed at

5000 | N QUi Cdantdth 3 SO bIIBWE fd)‘fth@Eh#@&tbhstfc&i@@@f&gh@ba@ﬁwtrﬁrﬁub%@rﬁb%CThe
z;d of magnesi unsalt as the hexahydrate AO ng of (S)-N- (I -carboxy-

2-

t hyBS ﬁ@tfﬁéswirai@/ P mﬁ%&*ﬂ%ﬁ%‘%ﬂ@]ﬁ@aﬂ( 1
H-tetragghf- Ws h?bg 9669"343 -ghox |1 771 s 6348 B24i §,.2035.8795.7875.86% basegs on the

val sartan enp ed e free acid. The nelting point of the salt hydrate
AQO. ngy pﬁc&@uéé@ é@éoﬂ@ﬁn@ﬁo“ﬂﬁ@ 8bov/@l, @&/@ﬁ%‘ﬁrocedure namel y the

magnesi um val sart an- hexahydrate, for a heating rate of 10 K-mn-', in a
sealed sanple container with a small internal volume, in an amount of

2. 24ny, Hementarasuelydisgivesthe follewirngaoeasuner valvas ofithe elemends prgsant intaickim= 64

Wmol ™. valsartan-tetrahydrate and of water. The water evaluation was carried out at 130°C after
expulsion. The findings of the elementary analysis, within the error limits, correspond to the
sum formula (Cas Hay N5sO3) ¥ Ca - 4 H,0.
% found % calculated
C 52.82 52.83
H 6.42 6.47
3 N 12.91 12.83
(_. O 20.20 20.53
water 13.25 13.21
Ca 7.03 7.35

Exampie SM2 (for Starting Material):

Production example of the magnesium salt as the hexahydrate Ag g in situ of (S)-N-(1-
carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2'-(1H-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-tetrazo!-5-
yl)-biphenyl-4-yImethyl]-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



Case 4-32345A
The density of the crystals of the hexahydrate of the nmagnesi um sal t7 off)| 2006
val sartan produced according to exanple SM2, determ ned by a helium
pycnoneter, is 1.273 g.CM 3. The specific optical rotation of the
magnesi um val sart an- hexahydrate k. pigduced according to the above
exanple for start materials is rreasureg as a 1 %solution in nethanol
[U 20D = -140 and with the sanme concentration in water as [a] 200 = -38*. The
enanti onmer puri t%/ of the magnesium salt of val sartan hexahydrate AQ,

pr oducedurbigdsebitian hgoerpes Reapaity agldinga fuither 30 &t of SRk ethanos lﬂ%insj_étr@agﬁ%_ﬁ%d by
a steregmspe a.'o{s'gcor*dﬂ&ﬁ M@lﬁi Q%%fk B-.'_Iéﬁea?ré SRy SRREIif hall PBRIAL kPMhid Sighai eved

by a chiral col um ra enaritioner purity is determned as ee
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with values expressed in reciprocal wave nunbers (cni'): 3374; 3272; 2956;
1619; 1556; 1465, 1420:1394;1271-1175; 1015; 975. 836. 766 751: 741; 730. . The
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val sart afirrdrSn aldtgd chpstdilfdalien dise O uBlvaFls!thS bR BEIMs Has&dlirénthe solution has a
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fyi'ng the material conponen 2| ven up, using infrared specCtroscopy
(r el easeoligfthumtosmed. The predust ischigd @hb0kaly aleciseutatingnair dieriuné! reaelXag Ay dr at e

of the ' S ] | i S _he
ol at cautyarars ysior hb Bl SEhadHesR S d bbb b, (9P (b
hexahy d2-aethy{pregré-yiyeidHpesianoyl] 2 -( t-tatadze bS-y Bubipk@nped - imemtintl Farsine 3653 T4 H2 7N
503) 2- *eor n2:.9, H20 Usin her ravi ry,...in a water-free N2 at nosphere,
t he vve:\/grﬁ?s%(?gg‘?d I 8-!9 \{EH tezrll*%)% S tF%&r%ﬁ&'dhexal hydrate as a function of
tenperature, was neasured at a heating rate of 10 K-min -1 . The results
for the pmagnesium salt of valsartan hexahydrate. Ao. are listed in the
o 1 o FEB MPSREEP of e xs Tl Baws iod e cpicune pdbis Bpfivagiven brooaicrs,
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
Tis = 132°C and a melting enthalpy at AwsH = 64 kJ-mol™.
The density of the crystals of the hexahydrate of the magnesium salt of valsartan produced
according to exampie SM2, determined by a helium pycnometer, is 1.273 g-cm™.
( The specific optical rotation of the magnesium-valsartan-hexahydrate A, produced
according to the above example for start materials is measured as a 1% solution in methanol

[a]®5 = -14° and with the same concentration in water as [a]*p = -38°.

The enantiomer purity of the magnesium salt of valsartan hexahydrate Aqmg 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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225 18.7 250 18.9 275 19.3 Case 4-32345A 2 4 JUL 2006 -47 Calcul ation of
the interlattice plane intervals fromthe X-ray powder pattern taken with a
Quinier canera is as follows for the characteristic lines for this batch of
the magnesiumsalt of val sartan hexahydfate AO.ng: 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. Elenentary analysis gives the foll ow ng neasured val ues
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the calciumsalt as the tetrahydrate Aj.c, in situ of
(S)-N(1-carboxy-2-nethyl -

The theoretical water content of the hexahydrate of the magnesium salt of valsartan is

19.1%. Using a coupled instrument based on thermogravimetry-Fourier transformation-
infrared-spectroscopy (TG-FTIR, IFS 28 from the companies Netzsch Gerdtebau GmbH,
Selb, Bayern and Bfuker 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 Ag 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 wg from this
as (CaaHzrNsO3) 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
Kmin~™". The results for the magnesium salt of valsartan hexahydrate Ao mg are listed in the

following:
Temperature [ C] Weight loss or water loss in %

_ 25 0.0
(, 50 1.2
75 4.2

100 11.0

125 16.7

150 17.7

175 18.3

200 18.5

225 18.7

250 18.9

275 19.3




prop- 1 eyde 482438 anoyl -N-[2'-(1 Htetrazol -5-yl)-Dbi phenyl - 4-yl met hyl Ji4 d6f6
ine 30.18ng of the calciumsalt of (S)-N (I -carboxy-2-nethyl-prop-I
-yl)-N-pentanoyl -N-[2'-(1 H tetrazol -5-yi)-biphenyl -4-yl nmethyl]-am ne as
tetrahydrate AO c. is weighed into a thernobal ance TGS-2 (Perkin-El nmer
Corp. Norwal k, CT USA) and is partiallyjdehydrated at 340Cin a water-free
N2 at nosphere with a flowrate of 50 mM-mn-1 for a tine interval of 50
hours. The observed wei ght loss, i.e. water |oss after the time interval of
50 hours_is 7.9% The water bound at {his endpoint for the calciumsalt of

val sar t drelcationefdhe ipriatirernianeintesyals frem tWh?(ef AY PeWdenpaties takeR Withag t i ng
materi alg lﬁﬁ Fcarwgl‘aqg ah?oll%%s%@th@'&h!ra@teg%c I-H%% SORRSHEN Hfhe ﬁ?ﬂgnle’s@ﬁ?édlton of
the partiall drated cal ci um sal val sartan i s execut inan air
at rmspheﬁﬂ'e\p’aiﬁii!lttilill1 b%%WQﬁtQ/éurhwm dity of 60% and at a tenperature of 230C. The
equi l i br 4 2 6 u a
(9~ (1TSS B do. 500 SRE 56T 323 PUCRER. D4 1808, 306
tetrazol3.46,392. b| phenyl - 4-yl met hyl )-ami ne cal cium salt tetrahydrate A, ca.
The melting point for the tetrahydrate of the calciumsalt of valsartan
Al .c, produced according to exanple 1 for a heating rate of 10 K-m n-' and
ina cl (E@ﬂeﬁtpqpénﬁrsis:gm@saﬁhaéorlommg measwmwh!ubmbémaadlemerhtamseht nahe 22
mcroliters i S TIf nt hal py of
fust on et T Rt d ey BL et ety e i e above
W th Af uzhlied ofRled 1 BEIC- éﬂerﬁhﬁulblﬂﬁr &h@ﬁn@ﬁ@@bﬁh&etﬁmém&y analysis, within the error
(S)-N-(l-carboxy-2-nethyl prggTl ylL) - N a:noyl2+ E -(1 H
te'zf a20|“”5t5y¢9"'39§PB'Pl‘éF%/qhB@“W H'?I(F%d'r’ﬁ? O@hl MOum G He?: tetrahydrate Al.ca is
sured with a ATR- IR instrunent BX from Perkin El mer Corp., Beaconsfield,
Bucks, England. The characteristic absorption bands of the ATR- IR
spectroscopy |i st &foundt he fol | owi figcdleatele tetrahydrate of the cal cium
salt of wal sartangpg with val ueg gybressed in reciprocal wave nunbers
(cm1): 3594; 330? 8960 1621; 15 % 1459; 1442; 1417; 1407; 1364; 1357;
1319; 1P74;1211; 11@0 1137; 1105; 109@95012; 1003; 758; 738; 698. The water
cont ent NS in the%}{1 2% f or %ghydrate of the calciumsalt of
val sartan. Using t"-'herm)bal ance 2 the water content was determ ned for
t he subg? ance proﬂﬁ@éd accordi ng £64éxanple 1 with 13.4% An anmount of 1. 1
% H20 | ftree and §Bg bound wat er l1€ ot he calciumsalt of valsartan Al .c,,
so the t'OP&l am)ufln f bound wat er g 12.3% A total formula was cal cul ated
from t hiMg val ue fo4.38l .c, as (C24H24®803)2- Cal + - 3.7 H20. Using
thernogravinetry, in a water-free N2 atnosphere, the weight loss, i.e. the
wat er | oss

Working Examples:

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

prop-1-yl)-N-pentanoyi-N-{2'-(1H-tetrazol-5-y!)-biphenyl-4-ylmethyl]-amine

30.18mg of the calcium salt of (8)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-
tetrazol-5-yl)-biphenyl-4-yimethyl]-amine as tetrahydrate Aqca 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 Aqc, 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



for theastradpmdsat e of the calciumsalt of valsartan as a function2dfJUL 2006
tenperature, was neasured at a heating rate of 10 K-min -1. The results for
the calciumsalt of valsartan tetrahydrate Ajc. are listed as foll ows:
Tenperature [0 C] weight loss or water loss in % 25 1.1 50 3.3 75 5.1
100 9.6 125 12.1 Case 4-32345A 2 4 JUkg2006 -49 150 12.9 175 13.2 200
13.3 225 13.4 250 13.3 275 13.7 Exanple 2 Production of the calciumsalt
as the tetrahydrate A2.C~ in situ of (S)- N-(1 carboxy 2- rrethyl
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into a thernobal ance TGS-2 (Perkin-El mer Corp. Norwal k, CT USA) and is
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of 50 mM-mn-1for a time interval oprs he wei | oss, i.e. water
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equi l i br)?B[élRQd ?%0‘;8%@? g{?pphyﬁ%%gpof the calciumsalt of valsartan in an air

at rmsph% Ity in air of 29%and at a tenperature of
230C is directly observed over a tine |nterval of 46 hours in the

0
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- tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium salt tetrahydrate A, ¢, 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, ¢, with values expressed in reciprocal_wave

numbers (cm'1): 3594, 3307, 2960; 1621; 1578; 1459; 1442; 1417; 1407; 1364; 1357; 131¢:

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% H,O is free and not bound water in
the calcium salt of valsartan A, c,, so the total amount of bound water is 12.3%. A totai

(- formula was calculated from this value for A, c, as (024}4271\.!503)2‘Ca‘?+ - 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

-1

measured at a heating rate of 10 K-min ~". The resuits for the calcium salt of valsartan

tetrahydrate A, ¢, are listed as follows:

Temperdture [ C] weight loss or water loss in %
25 1.1
50 3.3
75 5.1
100 9.6
125 12.1




Case 4-32345A _
water per nol ecul e of calciumsalt of valsartan. The substance, name}¥ jtipeQos

(C24H27N503) 2, Ca2* - 2.6 H20 is additionally water equilibrated in an
exsiccator with a relative humdity of 90.5% at a tenperature of 230C and
over a time interval of 72 hours. (S)-Dyg(l-carboxy-2- methyl-prop-I
-yl)-N-pentanoyl -N-[2'-(1 Htetrazol -5-yl)-bi phenyl -4-yl met hyl ] -am ne
calcium salt tetrahydrate A2,Cl is obtained. The melting point for the
tetrahydrate of the calciumsalt of valsartan A2 Cl produced according to
exanpl e 2, for a1I5@at| ng fate of 10 K- nita91 and in a closed specinen

cont ai ner wtir et ternat TUTUIFI:‘ | e weight of 1.56ny

I
nmeasured i h a DS ris 1 (Differential %canni ng cal ori neter) is determ ned
as Tf', = [1950C aod the melting as Afuid3= 89 kJ.nol-1.{ Case 4-32345A 2 4
JUL 2006 l-_\n Thﬂ wat oar o r\f nnlf |c |n + hoaoras 1'2 ’)0/ fr\v a tetrahydr ate Of the

calciumsalt of ggﬁsartan. Using a theﬂ%bal ance TGS-2 |(Perkin-El mer Corp.
Norwal k, GI USA) o¢hTh a neasurenent 1n ag3water-iree NZ fat nosphere, the

wat er content_for the subistance produced accarding to _exanple 2 for the
tenperature intelval of 25 to 225'Cis #&fernmined as 12.6% A total fornula

I s cal cul ated—fromthrs—vatvefor—A2-c=——as (C24H27N6EB8)2- Ca2+ - 3.8 H20
Usi ng thernogravinetry, in a water-free N2 at nosphere, the weight |oss, i.e.

t he wat Examples? for the tetr ahydr ate A20al as a function of tenperature, is
reesu B leful 50h% BAhALEaEls 08 oSl A S SRR CERSRIEE R s
igoé 4. 7prob26yl)-N-dentdrigy|-Wi[29(1 HEfra2 &-53yl)- BipRey2-45y Imaihyl]-dthite 250 12.7 275
32.17mg of the calcium salt of (8)-N-(1-carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2'-(1H-
tetrazol-5-yl)-biphenyl-4-yimethyl]-amine as tetrahydrate Agc, 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 ml-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 A ca 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,O. 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 (C,4H27NsOs)*
Ca* - 2.6 H,O 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’-(1H-tetrazol-5-y!)-biphenyl-4-ylmethyl]-amine calcium
salt tetrahydrate A; ¢, 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
AnsH = 89 kd-mol™.



Cal cul atUase 46323464 interlattice plane intervals fromthe X-ray powd&f JUL 2008
pattern neasured with a Quinier canera is as follows for the characteristic
lines for this batch of tetrahydrate of the calciumsalt of val sartan
A2,Ca: din[ Al : 16.16, 9.90, 9.40, 8,05, 7.72, 7.04, 6.49, 6.35, 5.82,
4.94, 4.73, 4.13, 3.93. Exanple 3 Prodgction of the calciumsalt as the
trihydrate B1,Ca in situ of (S)-N(1-carboxy-2-nethyl- prop-1

-yl )-N-pentanoyl -N-[2'-(]1 Htetrazol-5-yf)-biphenyl-4-yl net hyl]-am ne Case
4-32345A 2 4 JUL 2006 -51 28.24ng calciumsalt of
(S)-N-(I-carboxy-2-nethyl -prop-1-yl)-Npentanoyl-N-(2'-(IHtetrazol -

5-yl) - birpéeaydr-céntdnirgtin yhdoranB 28, fas attetratabyads af eAajolum sait pi watsdtanntUsingn

open pan . of a er ce T -2 Per r Nor wal k CT USA) and
e bR tarmbals Thsns BPSifind et Gom Namalkual LA Bl ABAEIATLI hav s ng
a fl Ow waiee frek Noatirlosphdte lthb avatér cdntémfdrmﬁ@§wo%kar@fe p?@ddvédra@cor'ﬂh@ toei ght

loss, i.e. water | oss is observed di rectl% erm)%qal ance and the

fi nal s?éﬁj’ép%fz faethgdpmppEiUe dntepabelh toA2 ac\ﬁﬂ"é?ml"ﬁ%%a%ﬂzf dototahe  wat er
bound atorbiaSs @AERRtH frdr@ this b@lu@?&%%t a§?¢§HH\F}\]}1 St tadf y@kgertan was 2.9% a
val ue which corresponds with O. I'e wat er ichisinrelation with one
nol e of calciumsalt of wval sartan The equilibration of this nonohydrate is
spont a“BH Qﬁerﬁa E%Uﬂﬁéﬂ Li'ﬁSﬂteﬂf?e@N?Q%d%ﬁﬁ@HeafHe\WelgﬁNé&sdié)’thé%ﬁérrloé%f 34%
vvlthare xatlo time of about | hour final equilibration Is
pract i ctrthe tekrabyiatesice ps @ fHogtion afternpeiatuoniemeasyredgt ahegtingratef fthe
dehydra igR-hy j 1 1 ded the substance (S)-N (I

box§§r@H §|h‘!T;-?épér"lg%ia!:FLeol-ls%;cf§T§\EcmEe)\ﬁtganoyI N[2-(1 H tetrazo 1-5-yl)-bi
phe yl -4-yinethyl]-a m ne calciumsalt trlhydrate Bi , . The melting point
for the trihydrate ofsthecatett tayg I,b, produced accordi ng
to exanpl ¢ Zer‘g%@ﬁtg‘f’%&é& n|g ratgv ?‘Ho&sjé\'%aﬁer’l‘ Hﬁ/fn a dl osed speci nen
container with a 25mall internal volunme, and with a sanplje wei ght of 3.98ny
i s determpedasTfu—17460C—and-thenelting-enthalpy—Hs Afu, H =7
kJ-mol -1. [The cryé@al l'initly of the calci uth sal't of val sarltan Bj.c~ is ca.
10% The water copgent 1S |[determ ned W thpa ther nobal ancg TGS-2
(Perkin-Ellner Corp. Norwallk, CT USA) with a neasurenent {in a water-free N2
at nospherd and a ¥8ating rlate of 10 K-ni#-7 1. The water dontent for the

subst ance BT R oduced—accordinygto W?‘I‘l‘pf‘eﬁ‘—‘l—s_f‘UT t he

150 11.9
175 123
200 ~ 125
225 126
C 250 127
275 133

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[A]:16.16, 9.90, 9.40, 8.05, 7.72, 7.04, 6.49, 6.35, 5.82, 4.94, 4.73, 4.13, 3.93.

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

prop-1-yl}-N-pentanoyl-N-{2'-(1H-tetrazol-5-y!)-biphenyl-4-yimethyl}-amine



Case 4-32345A

pl ateau at the tenperature of 225*C determined with 9.7% The total Zgunyg
of water bound in Bj.c, is 9.2%cal culated fromthe weight |oss at 2250C
and the amount of water which is evaporated at 250C. A total fornula is
calculated fromthis value for Bj,c' asb{€24H27N503 )2- Ca 2* .2.7 H20 Using -
thernogravinetry, in a water-free N2 atnosphere, the weight loss, i.e. the
water loss for the trihydrate Bl,c, as a function of tenperature, was
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i nt er val thetnoobatench anbldhe Shalestagendfaizhydrdtiamid selctad atteewlateoloss k& 1WOPm hecaner a
fromthe powder diffractoneter, PW171 were r i from+ 5A for a d
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following for the trihydrate of the calciumsalt of valsartan Bl,c,,
producedégéiaé@Pdi ng to exanple 3: din [A : 16.1, 11.5, 10.0, 9.42, 9.12,

8. 10, 7.7ib eqlilratioh-othis ErddBhydratébis speritdnous & tethpérature/of£8>@ add 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-pentanoyi-N-{2"-(1H-
tetrazol-5-yl)-biphenyi-4-yimethyl]-amine caicium sait trihydrate B, ¢, .

The melting point for the trinydrate of the calcium salt of valsartan B, ¢, 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 AgsH =7 kJ:mol”. The crystallinity of the calcium salt of valsartan

Bicais ca. 10%.

The water content is determined with a thermobalance TGS-2 (Perkin-Eimer 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¢, , produced according to exampie 3, is for the
plateau at the temperature of 225°C determined with 9.7%. The total amount of water bound
in B, ca 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 By ca as (CosH27NsO3)*
Ca®* - 2.7 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

1

K-min = . The measurements are elucidated as follows:



Exanpl e @as¥ ©80845/6n of the calciumsalt as the trihydrate B2, C in2didll Y6
(S)-N-(I-carboxy-2-nethyl- prop- 1 -yl)-Npe nta noyl-N[2"-(lI

Htetrazol -5-yl)-bi phenyl -4-yl met hyl ] -am ne 33.84ng calciumsalt of (S)-N (I
-carboxy-2-nmethyl -prop-1 -yl )-Npentanoyl -N-[2'-(1 Htetrazol -

5-yl)-bi phenyl -4-yl methyl ] -am ne as tetgahydrate Aoc~ is placed into an open
pan of a thernobal ance TGS-2 (Perkin-El nmer Corp. Norwal k, CT USA) and the
tetrahydrate AO. Ca is been partially dehydrated at 61 OCin a water-free N2
at rmsphere as—flowof 50 Case 4-32345A 2 4 JI-2006 -53 mM-mn-1
over a tims 1MBERHESTCDA5 i nWelght 'Oﬁér‘()(éﬁe@i?tssl“bés @. water loss is

observed diTectlgsw th the thernobal ancgsand the T nal stage of dehydration

is selected_to a water logs of 6 4% The water still boynd at this endpoint
for the substance38f calcilumsalt of val8&tan was 6. 5% a val ue which
correspondgwth 4z Totewater—n lUIdLB%H wtth—ome note of cal ciumsalt

of valsartan. The éequilibration of the dihydrate at 23' Cland 22%rel ative
hum dity in alr WICt(h a reI axation tinme o6.7about 30 mi nutes revealed a
producti on hy-edrat-e—The—ed chydrgt. on—ehyerat+on process provided

t he substance (S) 2,IQ(I - calboxy- 2- a

met hyl - prop-1-yT)+g8§ pentanoyl -N-[ 2" - (TH§etrazol - 5-yT) - bl phenyl - 4-yl net hyl | -
amne calciium_salt trihydrate 132c_  The nelting point _for the trihydrate
of the cal ¢ium sa17t5 of vallsartan B2, C- p9§duced accor di ng to exanple 4, for
a heating rateofsa0— K%, —Tm aTtosegsspecrmemr comntainer with a smal |
internal volunme, and withja sarml e weight of 2.49ng is determ ned as Tfus =
19§*C and for tHH25second|conponent Tfu~9% 204 C. The twp nelting points are
el uci dat ed reastHys—Rafrety—that—the—pr Gg, eed—ratertat—$ a m xture of the
trlhydrate|B2, Cl d the fetrahydrate Ao; g The enthal py of fusion for the
two nelting peaksz7r5eveal the values for figlee trihydrate B, Cl O Af,,H = 53
Wnol" andUor.the tetrahi/idrate AQ ¢ of Afu H =4 Lppld'. The DSC
(Differential Scanning Cal ori mstry) curve with a sanpl e wei ght of 2.49ny of
the tridwdifte v§3e§bf t‘F@'Wthéﬂl@é‘bltan@fntervals from the X ray powder patern measured
(S)-N-(I-carboxy-2- rop- pent anoyl - | H

Lol r az oMwith.awyieh raskgmeter FWiT 4y pi:fies Ausbical Xreah 702 Anelo. L a8 K. ni
in an cly FAL=TeN r in
addi ti Oanrg&? ?]W?cﬁ?{etl ng C%%]é su ?ﬁe%é@ho% @mb% Gém as%rggir:gn%;ztffdc{;ﬁﬁgﬁaf

solid stNonaispReiffoNbha heeioateeﬁlonSdoaﬂnerupm(:l@tbce slabsuruweb.tOTmhghayslues ansition

tenper at Ry led AR &I TRES rMthd GRin'd e #rd the $Bwie Adifiractometer PW 1710
were ranging from +0.55A for a d value of 16A to +0.02A for a d value of 5.7A. No

corrections are necessary for lower d values.

( The interlattice plane intervals are given in the following for the trihydrate of the calcium salt
of valsartan B, ¢4, 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 trinydrate B¢, in situ of (8)-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-yimethyll-amine as tetrahydrate A, ¢, is placed into an open pan of a
thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) and the tetrahydrate Agca is
been partially dehydrated at 61°C in a water-free N, atmosphere with a gas flow of 50
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the change of the specific heat is for this tenperature Acp = 0.10 JZ¢gUky00s
The glass transition tenperature observed is an absol ute evi dence of

anor phous material present in the substance produced according to exanple 4
and the value for the change of the spd&dific heat is a paraneter for the
guanti zation of the anorphicity. An additional anmount of estimated 18%i s
anor phous material, the trihydrate B2,Cl is approximated with the enthal py

of fusi ook Bl timBlinterv@Pof % AdtdsNend KEGRNYEE alewArtdks ¥BhEEhERS 1N
he ent hal of f kJ

r
pure formas starting material t usi on Afu~H = 92 -mol " is

Appr oxi el with thadhemebatsage aad dhe Gnal sBge Rhdensration s elEctecip erwaiep s e
4-32345 4 e i ] '
t her rmb?lf §ﬁ£*¥&@%ﬁ@@ﬁﬂ%ﬁﬂ%@?ﬁ? %ﬁéw% t%t Qg&?f%%f’%wg%m&aﬁrlrseagg G r ement
in a wamas-85%ea Kaluawhbsptrsrespands with &8trmelg watardn oflatian witbme mpleeofnat er
cont ent . (o) [ t .4 is for
The. ol acalh i FYRREROTE iR O GG ER A T TN LS Wt h
9. 7% Ahuoidity it oir mitha relexaticratimeloftkolt30oninutes sevesllatca produBiyreef s ( C24H27N
503) 2- ~ - 2.8 H Ln rmoar avi net r. Ln =J.r N2
ot whaph e, Iisceli et dehy Pl RNt Pidvidesi b8 sPidBh et nE T Kereen 2y ca
as a fungthydpred-14y2appeatanow-N-[25-( Thidsttazeldb-gl)-biphbagt4-ignetiatiearihe Halckinm n - 1.
The maasuIF ﬁ@g}aﬁe gre elucidated as follows: Tenperature [u C] Wi ght |oss

|

or wat ef? ¥%C225 0 50 0.7 75 1.9 100 5.5 125 8.4 150 9.2 175 9.5
200 9.7 225 9.7 250 9.8 275 10.1 Calculated values of the interlattice

plane ingtervals fromthe X-ray p er pattern asured with a Quinier
Cafer a. EIRTS R RGNS TBEAaHGUm L SO tace IaHCEH S AHER ssi on
' to example 4, for a heating rate of 10 K:-min™, in a closed specimen container with a small
internal volume, and with a sample weight of 2.49mg is determined as Ty, = 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 the trihydrate B, ¢, and the tetrahydrate Agc.. The
enthalpy of fusion for the two melting peaks reveal the values for the trihydrate B ¢, of
AwsH = 53 kJ-mol” and for the tetrahydrate Aq ¢, of AgsH = 4 kJ-mol ™.

The DSC (Differential Scanning Calorimetry) curve with a sample weight of 2.49mg of the
trihydrate B; ¢, calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-{2'-(1H-
tetrazol-5-yl)-biphenyl-4-yimethyl]-amine with a heating rate of 10 K:-min™' in 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 T, = 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 B, ¢, is
approximated with the enthalpy of fusion of 53 kJ-mol™ as 78% and the tetrahydrate Ag c.
which has in pure form as starting material the enthalpy of fusion AwsH = 92 kd-mol™ is
approximated in the produced material of example 4 kJ-mol™ with 4%.



geonet r ysacHalid@46N- Kaj radiation, are obtained for B2, Cl. The interlzaf jjcepg
pl ane intervals are given in the follow ng for the trlhydrate of the
calciumsalt of valsartan 132.C~, produced according to exanple 4: d in [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
exanmple 4 is determned by a stereo-s ém fic HPLC net hod. The
stereo-specific separation is achieved by achiral colum (Chiral AG). The
enantiomer purity for the trihydrate of the calciumsalt of val sartan

132, ca iThe siatasconiestlisaisterenineddgitles thebmobalan@2BGEL2 Q’eﬁkiptﬁ_mgmﬁomawomalhpl e

Pr oduct | e

(S)- N-(F%car Mh ﬁ?éa%wéﬁ%e%?'ﬁ %tei'ﬁ%elh; #ﬁgéﬂiezﬁgﬁ é[agnétc‘sltgo?%Kmm
Htetr aidﬁe&@teo cdmtephémrythe 4up§tarmd13£ ch amdueecBﬁcchEdtgg tabxarople dalst farfthe

(S)-N(I arb n

531 ) bPBaT e GRRE Y OhRRap et iR pP 2R friitermias Dt 87 A [bthimya,
open pawadtaleulatdadromrad aaloe foFE52a¢ By Mi,NsG)ires* CargH,dbor wal k, CT USA) and
the tetrahydrate AQ,c, is partially dehydrated at 60'Cin a water-free N2
atmosphere with a gas flow of 50 mi-mn-1 over a time interval of 255

m nut es Usﬁ@%é’fﬁ‘logl"ﬁwrh@t%&m b wterRdeeN, étﬂ@%phéreoth%%é@d |odst De tth@ water loss
t her nobal ance and the sel ected final stage of dehydration is 7.0% The water

still binire Hoydrel Bz.ce 38 F0HREIONG f‘irﬁ%e@%%t'%m?és‘dfﬁd@é?&e%%éﬁf‘? ob#Oval sart an
was 5. IRomid -V atmemeBsGRRmdn® sRENUedbs folldwé nol e water in relation with
one nole of calciumsalt of valsartan. The rehydration at 230C and 30%
reI@tlve hum d|ty inair is observed with a process of a relaxation tine of
nut 65 O-TE RPVIded t he substance
(S)-N-(I - @?3}%%& E@xl - pr op"\{é@ﬂdsﬁ c@ﬁ?@ﬁ%ﬁ'ﬂwz' -1
Htet razol -5 yi )-25| phenyl -4- ylnethyl]- a@n ne cal ciumsalft trihydrate 63, ca
The nel ti ng—petnt—fFer—+hatrhydrate—of—tphe—ealerumsaly of val sartan B3, c,
produced gccor di r$8 to eqanple 5, for a0 eating rate of |10 K-mn-1, in a
cl osed spdci nen ggntainerf wth a small qignternal vol ume, and with a sanple
wei ght of 85ng s deterimned as Tfu. = 191 OC—_Additiional nelting peaks
are obseryved for18he matdri al produced dccording to exanple 5, nanely for
196, 205, [anmd—2TI@FEC The [enthatpy of TUgom forthe difflerent nelting peaks
are wusedi|for an approximmmtion of the quantitative analysis of the materi al

produced dccordifPto 92
175 9.5

200 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, Deift, NL on a X-rax film in transmission
geometry, using Cu-Ka, radiation, are obtained for B, c.. The interlattice plane intervais are
given in the following for the trihydrate of the calcium salt of valsartan B, c., 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, ca is determined as ee = 99.65.
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exanple 5, nanely 87% of the material for the nelting point 191 OC ag$ 4B3j;iCis
10% of the material for the nelting point 1960C as B2.Ca, 0.5% of the
material for the nmelting point 2050C as AOca, and 3% of the material for
the nelting point 2130C as D,c,. The-msgssults reveal <clearly a material,
produced according to exanple 5, which is dom nated by a main conponent
nanely B3.ca. The water content is determ ned with a thernobal ance TGS-2

( Per ki n-.El rp. Norwal k, CT USA) with a neasurenment in a water-free N2
at msphﬁg@h& heating rate of 10 K-mn- 1. The water content for the

mat er i alProduction33f the cakiurhealtras thectoihpdrater; ¢k $1 ditorof (BN ataetzaxyét-mettye

tenperature, o 25*C d m with 10.1 % total formula is calcul ated
from f oP"‘ipﬁ%‘V{)Iﬁ‘{ziﬁﬂ?}ao\%ﬁ‘iﬁzdéﬂie‘gﬂE328?5'§§*.9'§%hf’M‘ﬁéﬁr_“éﬁ‘yg:@a’?‘Eﬁ4H27N 503) 2- Ca2l
- 2.9 H20 Case 4-32345A 2 4 JUL 2006 56 Using thernogravinetry, in a

wat er-free N2 at nospher the wei 0SS

? ht _I ., 1.e. the water lﬂ‘ﬁs for the
mat er i al32- 1BMIcRAM &2k SF )il (1-5apavrdinastBy-ipR-f-yBINPentenoy It T4y iiralr3zed
C0”POne'Btyl)l-ﬁphéiﬁﬁﬁlyhﬁéihﬂﬁaI%irfebﬁl.otbtr@ﬁydﬁtetﬁﬁ_g})ﬁrp"!’édéﬂﬁ‘ntétanaoﬂé@laédnr&ar ate of 10
K-m n The ‘'measurenents " reveal the follow hg results: Te%er ature Cu d
wei ght tssmobglangs BeStoderkin-tmenGop. Norwalk, £ DUSA) and the tetrghyirate Azgisg. 7
150 9. 6 ookl Soifarf00 80 in2AabOirde N2 3fnddingre vifioa Ys Roklr el el val ues
of the Int eﬁ_ atr'?i Ce pFane i?Ht er?/af)s',ré?_r om t . Xt aly S@%éef pattern measured
with a overd time denvekof 2OR ngBtes, Die weighf oskh neuwateDigiss is obgervad withdheax il m
I n trangyy,.Ssy aggmr i - Kal ' e
subst an?grrg?%%%?:ce acc%r fer?’g[gé%tfgh%l %&lﬂéégf %é@%?’ubb ﬁﬁﬁ%'%‘%ﬁ*’%ﬁ%@n@ dég Ca
( this endpoint 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 vaisartan. 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'-(1H-tetrazol-5-yl)-biphenyl-4-

yimethyl]-amine calcium salt trihydrate Bc, .

The melting point for the trinydrate of the calcium salt of valsartan B; ¢, 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 Ty = 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 Bjca, 10% of the
material for the melting point 196°C as B, 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 Dy ¢,. The results reveal
clearly a material, produced according to example 5, which is dominated by a main

component namely Bsca.

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 B3 c, 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 8.8% for B ca @s (C2eHz7Ns02)* Ca®* - 2.9 H,0.



The i nt ephed hizpgagd ane intervals are given in the following for the?4 jy. 2006
mat eri al, produced according to exanple 5, with the trihydrate of the
calciumsalt of (S)-N(I|-carboxy-2-nmethyl-prop-1-yl)- N pentanoyl-NJ[2"-(I
Htetrazol - 5-yi)-bi phenyl -4-yl met hyl ] -am ne B3, c~ as the dom nating
conponent: d in [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-(I-carboxy-2-nethyl -prop-1-yi)-Npentanoyi-N-[2"-(| H

tetrazol -5-yi)-bi phenyl-4-ylnethyl]-am ne calciumsalt trihydrate B3,Cl, as

T e e T

Bucks, Hoglhandatefals prodiu8@Bdéoarding tq élanid® 6, wittbB; dhes tbe apaniriating somponent is

absorptlon bands o S ro S | | owi n for

he it cPPRTLE] %8 WA DI g Lgs el NenDS aReds Sk Rg "t HEE miehi<hEs

subst anceveal ftallywingeesdisci um salt as tri hydrate

(S)-N-(I-carboxy-2-nmethyl-prop-1-yl)-Npentanoyl -N- [2" - (]I

Htetrazol -5-yl)-bi phenyl -4-yl methyl]-am ne 133, U with val ues expressed in

reci procal yrgj ém‘pge“ﬂsg](cml) we%?ﬁ‘l’oss%?%ier%g?ﬁn 02930; 12870; 1621; 1577,
1416; ;

1505; 1458; 1405 1210; 1179 1138; 1104; 1099; 1012;

1003; 974; |941; 9025 856: 241 737; 667. 0¥xarrple 6 Production of the

cal ci um salt—as nmgphydrate G, T s tu S=(t=Ttarthoxy- 2- net hyl - prop-

1 -yi)-N-penta noyi-N-[2'-(l H-tetrazol gvl) bi _phenyl-4-ylmethyl]-ami ne
(Srrg calﬁium saITtS of 2.5

(S

N (| - cgrboxy—2—pethyH—prop—3—yH)r—N-pentanreoy—N-2—4 H tetrazol -
5-yl) - bi phenyl - Qppnat hyl ] {am ne as tetréwz/drate Aoc, isjpressed into an
open cruci bre oT gosdevice|whi ch alTows gy set a tenmperafure and a humdity
programas|function of tinme and register for selected tine intervals the '
X-ray difffaction!p@ttern (powder diffraé8on chanber X|Pert from Philips

Anal yti cal —X-—r—a'y,—_ﬁ's'eﬁ‘mTi o, N Theggothermal—tenpgrature is 400C and
the water-free N2 af nosphene_is set at a flowrate of 100 mM-nin-1. In a
parallel p oducti GﬁOstep 4/66 mg (S)- N-(IGOar boxy- 2- met hyl - prop- 1
-yl) - N- pentaneH EIEMI +—H—+etrazeol bi-pheryt—4— net hyl ] - am ne as
tetrahydrate Ao, c; {’s pl aced in an open @ uci bl e of a thernobal ance TGS-2
(Perkin-El mer Corpsg Norwalk, CT USA) anghphe tetrahydrate Ao,ca is exposed
to the following conditiong. isothernmal tenperature 400C, and to a

wat er-free 275 10.5

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 the substance produced according to

example 5, with the main component B;c,.

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-yimethyll-amine B; ¢, 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-yi)-N-pentanoyl-N-[2’-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium salt trihydrate B ca, as the main component
of the material produced according to example 5 is measured with a ATR-IR instrument BX
from Perkin Elmer Corp., Beaconsfield, Bucks, England.



Case 4-32345A

atmosphere with a flowrate of 50 m-min-1. The substance obtai ned ihé4 kot 1006
of the devices after 66 hours was the nonohydrate of the calciumsalt of
(S)-N- (I -carboxy-2-nethyl-prop-1 - yl)-Npentanoyl-N-[2"-(1

Htetrazol -5-yl)-bi phenyl -4-yl nethyl]-&nhe d,c,. The water content was
determned wth the thernobal ance TGS-2. The weight loss, i.e. the water

| oss after 66 hours in the water-free atnosphere was 9.8% vyielding to a
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10 K-
0 m o thermoba%nce (}%% Z?Beri anElrr%e(F%otr;? ! orwa\m CT USA) and the tetrahydrate Agc, is
exposed to the following conditions: isothermal temperature 40°C, and to a water-free
atmosphere with a flow rate of 50 mi-min™". The substance obtained in both of the devices
C after 66 hours was the monohydrate of the calcium salt of (S}-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl}-amine C, ca.

The water content was determined with the thermobalance TGS-2. The weight Iosé, 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 C; ¢, produced
according to example 7 as (C4HzNsO3)* Ca®* - 0.9 H,0.

Calculation of the interlattice plane intervals of the monohydrate of the calcium salt of
valsartan 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:



a smal | ¢dkefgpdqsp0l une, and with a sanple weight of 1.41 ng is dete? mijoeddis
as Tfu, = 2120C and the nelting enthal py is Afu,H = 15kJ-Ml -1. The water
content is determned with a thernobal ance TGS-2 (Perkin-El mer Corp.

Norwal k, CT USA) with a neasurenent in a water-free N2 atnosphere and a
heating rate of 10 K-min- 1. The water ggontent for the substance D ,c,,
produced according to exanple 7, is for the plateau at the tenperature of
225*C determined with 8.1 % A total formula is calculated with the anount
of bound water which is 8.0%for Dj.c~ as RC2, H27N503)2-Ca 24 12 . 4.6 H20
Usi ng t ledn bhigri9Grd6i04, 1115629881 @A015.62 MNBB & todptPere, the weight loss, i.e.
the water loss for the cli-{calciurn salt of
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Fnct | o B AL G S P H- 2P0 210y RPN s

reveal tNg.tdtRlAPRiyDipHRIVEL-FimetRIPahRE} bentehydbbiedt., frosig; or water |oss in %
25 0.1 t(50 1.7 75”3.% Xoo'§5. 1125 7}‘? 150 7.@""’175 7.9 200 8.0 225 8.1

250 8.3 275 8.6 The infrared spectrumof the di-{calciumsalt of (S)-N(I

- car box 5 " T - EXNZH 9. - AN

pent anoéPl%EI-FFFtZ&}“g Eélte @{nrl Sélazl%“%g2 tgﬁ‘?l}ggc{r%tief kfl ésn)yll\J -(l-cﬂbr?g ﬁyTlet_hger;]prg 5)1 %I)e rl\llt ahydrate
i s meas peei@noyiiN-R'41 ATsrazri-brybthiphesyir4-Broethdrarmiae iSon. ElpRged@te@n open pan
Beaconsti gl T IRt | | f the
aTR 1 R Shadfieidifls 0% 21Peray Big CUEUGHR, £T FESPAR heTePasfal

- car box Y 2risekbydedmt @temperatund-gf ©0TGimoy waterffrze-atrbosphere with a gas flow of 50

et 1l Wd DROGI o o ALK A PRLE)aRFU A i ahFurkle Baclfal | S o0
the selected final stage a weight loss, i.e. a water loss of 9.7%. The water bound at this
endpoint for the product of calcium 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 salt of (S)-N-
(1-carboxy-2-methyl-prop-1-yi)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl}-bipheny!l-4-yimethyi]-

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-yimethyl]-amine} pentahydrate D, ¢, , produced
Q according to example 7, for a heating rate of 10 K'min™, in a 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 AnsH = 15kJ-Mol™.

The water content is determined with a thermobalance TGS-2 (Perkin-Eimer 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 D1 ca as [(C24H2/NsO3)*Ca®'], - 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)-biphenyi-4-yimethyl}-amine} pentahydrate D, c,, produced according to example



[ eci procal Waug huhbers (cnt): 3329; 2950; 2930; 2870; 1578; 1506; 13BYy| i

1405; 1354; 1302; 1260; 1208; 1176; 1143; 1104; 1012; 1004; 973; 941; 860;
839; 821; 757; 737: 667. Calcul ated values of the interlattice pl ane
intervals from X-ray powder patterns e obt ai ned from a QGuini er camnera
FIR 552 from Euraf Nonius, Delft, NL of”a X-rax filmin transn ssion
geonetry, using Cu-Kaj radiation. The characteristic interlattice plane
intervals are given in the following for the the di-(calci um salt of

(S)-N (17, mmebmxydasaﬁumgtbnmftmmterat}areatl‘dflpmmgmatgaloﬂ‘ll()[&m|(11 The
Htetrazol - %’Q W\ 4 t hyl]-am nel pentahydrate Di,c,, produced
accor di 53" il ?l?‘”%/?%resu % 46, 11.45, 9.36, 9.04, 7.75,6. 46,

6. 09, 5.82, 5.66, 516 4.76, 4.48, 3.83, 3.60. Case 4-32345A 2 4 JUL 2006
-60 Exarrp| 8 Producti-onof the-calciumsalt of /QJ I\L(Ir
_ car boxy- 24 nERRRATAIWRb-Gl | /) Waightass, g water oss n %

(I Htetrazgl-5-yI psbi phenyT-4-yT met hyl | -@m ne as anor phops substance Ej, ¢
insitu 3]53ng calciumsalt of (S)-N (| -carboxy-2-nethyl-prop-1

-yl )-N-pentanoyl -8 [2' - (1| Htetrazol - 5-%F)-bi phenyl - 4-y| met hyl ] - ani ne as

t et rahydr at—e—ﬁ@-c?ii—?puf—i—m—a—h-erweﬁglﬂ-y—tl—mdﬁ-peci men cont ai ner
made from gold w an internal volune of"ca. 22 microliters. The starting
substance AO c, i®oheated{up in a DSC Pyg.1s 1 after cooljng to -500C to
2160C and |therefore tranbieredintothe polten phase—+he substance is
taken out ¢f the 1&él d container after ?o?)l i ng the contaj ner to room

tenperatur €. (S)-Mg(T -car poxy- 2- met Nyl - prpp-1 -yl ) -\

pe 'anoyl-\l—[?'-(ll—l—tptra ol -5-yl)-hiphenyl -4-yl net hyl ] -am ne cal ci um sal t
Ej .\ca in afror phodd5 form |s obtained. THed subst ance E, . c}, produced
accordi ng toexamgke 8, tontarns—12: v%ngokuel. FThe—tter mal

characterizati on 0f the chlciumsalt of
(S)-N-(I-car boxy-225rret hyI Lprop 1- y|) N- Epént anoyl N[2-(1

H tetrazol +-5— phemH—4—HrethyH—ar-pre—+n—-amerphous{ formE ,c~ with a
DSC Pyris l(Perl@;Sﬂ El mer| Norwal k, CT ) for a heating rate of 10 K mn'
and in a (ToSedjggeci menf contarner frogg@old wih a srrq | internal
volune,reveals a glass trhansition tenperature T = 101')C with a change of

the specific heat capacity at the tenperature region of the nmelting point
ggsé(r:\p/) ed gp'ﬁ:gégdag ézﬁ})?)jemrl (gttﬁ?g [Tg%atléﬂ}gg %@bp§g%@d9&b§ w??&a&@%"ﬁé? fgé)gfp- uaner
t he sampentanoyhiN-j2o(iH-ttrazek-5-91) bipthefigird-yimetigljassing ¥ pergahydoatene amasament s.
with 2 ATR-IR instrument BX from Perkin Elmer Corp., Beaconsfield, Bucks, England.
The characteristic absorption bands of the ATR-IR spectroscopy for the di-{calcium salt of
(8)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-y!)-biphenyl-4-
( ylmethyll-amine} pentahydrate Dy ¢, are listed in the following with values expressed in
" reciprocal wave numbers (cm™): 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 interiattice 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
sait of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
yimethyll-amine} pentahydrate Dy ¢., produced according to example 7:

din[A]: 15.48, 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.



Case 4-32345A
The infrared spectrum of the anorphous cal ciumsalt of 24 JUL 7008
(S)-N-(I-carboxy-2-nethyl-prop-1I-
yl)-Npentanoyi-N-[2'-(I Htetrazol -5-yl)-bi phenyl-4-ylnethyl]-amne Ej,c. is
measured with an ATR-IR instrument BX8&-om Perkin El nmer Corp.,
Beaconsfi el d, Bucks, England. The characteristic absorption bands of the
ATR-1 R spectroscopy are shown for the anorphous substance Ej,c~, produced
according to exanple 8, by the follow ng val ues expressed in reciprocal
wave nunbers (cni): 3587; 3307; 3182; 3053; 2961; 2870; 2358; 1621; 1578;
1506; 145@mpledd1; 1417; 1364; 1319; 1301; 1274; 1211; 1180; 1137; 1105;

1099; 1 7 ) 8. 4- 32345A
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situ. 4.14ng of the substance of the calciumsalt trihydrate of
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- car boX yagmABjIN |2 ‘TI-‘P-@etﬂazoVS f¥ighRAY_NAHetN]-amine calcium salt E4 ¢, in amorphous
[2'- I|—|-tetrH§3;zolt -P yl) - bi ph e%’{y ﬁh%f’ ? rN;I]am ne F,, Ca. Th1ecasubstapnce Flc.

produce(fprﬁb'ééptﬁlﬂﬁji to exanple 9, is char acteri zed with a DSC Pyris 1
(Perkin-El mer, Norwalk, CT USA) applying a heating rate of 10 K-min-1 and

using a cl osed speci nen container fromgold with a small internal vol une.
The cal ¢hesvikatanceof s Jyropugad according to example 8, contains 12.9% of water. The

b h | - 4-
g1 ot hy el dheradBlidn b e baRAth 380U I (1-carpplyt S el Y ld e
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a cryst adgidmbt thewhélihg psinheft Adlet®e4 aly-&) WiNdmehiflg point and no enthalpy of fusion
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 caicium sait of (S)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyi-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine E; c,is measured with an
ATR-IR instrument BX from Perkin Eimer Corp., Beaceonsfield, Bucks, England.

The characteristic absorption bands of the ATR-IR spectroscopy are shown for the
amorphous substance E; ¢,, produced according to example 8, by the following values
expressed in reciprocal wave numbers (cm’™): 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.
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18. 7% corresponds to 2.6 nol e of

namely the amorphous caicium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-

[2'-(1H-tetrazol-5-yl)-biphenyl-4-yImethyl)-amine F, ca.

The substance F,¢c,, produced according to exampile 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’-(1H-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 Ty = 139°C and
the change of the specific heat capacity at the temperature region of the glass transition is

(- Ac, = 0.42 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-yl)-N-
pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine F, ¢, is determined using
thermogravimetry, in a water-free atmosphere. The weight loss, i.e. the water loss for the
substance F ¢, @s 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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neasured at a heating rate of 10 K-min -1 as follows: Tenperature C] Wi ght
| oss or water loss in % 25 0 50 0.9 75 6.8 100 14.3 125 15.7 150 16.5

175 17. (Example 10
Production of the magnesium salt as hexahydrate A; wg in situ of (8)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2'-(1H-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-yimethyl]-amine as hexahydrate Agng 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 8.4%. The water
stili bound at this end point for the magnesium salt of valsartan was under consideration of
the water content for the start material Aqmg 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 Aqmg hexahydrate of the magnesium sait of (8)-N-(1-carboxy-2-methyl-prop-1-y!)-
N-pentanoyi-N-{2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine.

The melting point for 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-yimethyl]-amine A, g, produced

according to example 10, for a heating rate of 10 K:min™', and measured in a closed



200 17. 2235325378454 250 17.8 275 18.3 The solid state characterizat#énjUof2008
the magnesiumsalt of (S)-N (|l -carboxy-2-nethyl-prop-1 -

yl)-Npentanoyl -N-[2'-(] Htetrazol -5-yl)-biphenyl-4-yl nmethyl]-amne for the
pol ynor ph of the hexahydrate Al.ng is achieved by a X-ray powder pattern
and by the evaluation of the reflectiggs into the interlattice plane
intervals. The neasurenents are made with a GQuinier canera and the
calculated lines for Al.ng, nanely the pol ynorph of the hexal hydrate of the
Case 4-32345A 2 4 JUL 2006 -64 magnesium salt of
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H tetrazol - 5-yl ) - bi phenyl -4-yl met hyl ] -am ne. 71.4ng of nagnesium salt of
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intervals the X-r diffraction pattern ( fraction chanber X Pert
from PhﬁW%@WQ\Wa?WR\!%V 'X—%Sa%/fun?WfAﬂﬁﬁﬁf@turN@eﬂﬂ%GQ’ 32 herting rateefipghér at ur e
is set Rinid50s Bitydhe water-free N2 atnosphere is achieved with a flowrate

of 100 mM-mn-1. 1n a parallel production step 5.36ng magnesi um salt of
val sartan as hexahydrate AO ng is
Temperature [ C] Weight toss or water loss in %
— . —~ ‘
50 0.9
75 6.8
100 14.3
( 125 15.7
150 16.5
175 17.0
200 17.2
225 17.4
250 17.8
275 18.3

The solid state characterization 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 for the polymorph of the
hexahydrate A, g 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, ng, Namely the polymorph of the hexahydrate of the



C 4-32345A :
filled into an open cruci bl e of a thernobal ance TGS-2 (Perkin-El mer ThrJyl 2006

Norwal k, CT USA) and the start material was exposed to practically

i dentical conditions as the start rmaterial in the X-ray device, nanely an

i sothermal tenperature of 35*C and a weéer free atnosphere with a flowrate
50 m-mn-1. The substance obtai ned after 42 hours in the thernobal ance is
t he nonohydrate Dl1.ng of the magnesiumsalt of (S)-N(1-carboxy-2-

nmet hyl - prop-1-yl)-N pentanoyi-N-[2'-(I Htetrazol -5-yl)-bi phenyl -4-yl net hyl ] -
am ne. ThagnesiubssaingdSpbl (i sasboXyr-triethyppreget-yliHNFperdanaybN-[gheimtetraxolrey)- i s
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gf 35%52&53 g5¢3%@09 ?g?s}%%%?gnd wat er content of the nonohydrate D1, ng

car boxy-TRerRahtydmarmpitylefithg shit hpdrbtenmrgtuddd]2Zcerding to example 10, namely As g is

Htetrazo bi phen ne roduced GC t,0 exa l e
T Rlerminte vy R apetint Hlich hetriol ogen iy S0r iE SbCihel BB Y™
formul agh@zyd) ,ng is calculated fromthis as (C24H27N503 ) 2- |vgz~ - 0. 74

H20- Calculation of the interlattice plane intervals fromthe X-ray powder
pattern taken with tenperature-humdity powder diffraction chanber X Pert

is for Ehgngﬁ i mportant |ines of the rmnohydrate D1 rrg of the magnesi um
val sartan Al : 15.10, 10.87, 10.27, 7.66, 7.

subst an€ERAusHPRPT2 Materiabas RPdHER of tha magnesiumaatt of 63)- '&ﬂ&CPTQS’H&IZ "Qsthbibur s at
354C. | 1 190108 NS PRI 2014 D2 oRBHTRORBDG Hin Bk kot by s °

der diffracti on chanber he subst'ances obtai ned after 70
hour s f Bom Qﬂﬂ’ethﬁéim%ﬁh% pibstanee Eneatfitee magResivmeaityad (I-N(dcamoxgeyi ces
reveal e fy a). [ ttern
t he emg} BFO?f {L?Pnehpﬁono Qﬂr P%!?é?@%ol%‘?f%%%eﬁ%{e U%]ltiyg %E?%\egt@rtan
Af t er 70rystadine substence s mwew!amgteame@f w@rreamq@weaalt of (§)+N (hearbexst-at i ve

B e R e S R TS
30%relative hum dity in air. Both of the nmaterials obtained, produced
e 0D S B8l Herh DAY Sk
- Y1) - N- énateirioyl)-bighpay -4 iimidthyiitaneine s Seyahydiate Aenyis blought méd by bpemm ne and
R B PARTS! UeA Bln bh Rbbss RE B Wb  Baont
The sol tide $hdtregletbafoaeélem'eziatnh@mteﬁ/als thee Xrpdyediffedctipn patteradpdwderldifitactidner
equili bgzﬁe}rht?erll er? Fromnfghlhps Analytical X-ray, 7602 Aimelo, NL). The isothermal temperature
is set at 35°C and the water-free N, atmosphere is achieved with a flow rate of 100 mi-min™.
(_ In a parallel production step 5.36mg magnesium salt of valsartan as hexahydrate Ag g is
filled into an open crucible of a thermobalance TGS-2 (Perkin-Elmer 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 mi-min™'. The substance obtained after 42 hours in the
thermobalance is the monohydrate D, wg 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
substance obtained in the powder diffraction chamber X'Pert is determined by the interlattice
plane intervals as monohydrate D, yg of the magnesium salt of (S)-N-{1-carboxy-2-methyl-

prop- 1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yi)-biphenyl-4-yimethyl]-amine.



to exan@aellidBsperformed with a IDSC Pyris 1 from Perkin-El mer Cor i, JiL 2006
Norwal k, CT USA. The glass transition is neasured wwth a sanple wei ght of

2.57mg in a sealed gold container wth a small internal volume of ca. 22
mcroliters and applying a heating rate of 10 K-mn". The glass transition
tenperature for the anorphous magnesi ugssalt of valsartan El,ng as a part
of the material produced according to exanple 11 is Tg =1 OOOC and the
change of the specific heat Acp = O 3 J (g K)-1. The water content of the
mat eri al_ produced according to th wi t hin the po r. diffraction
Chanber TRBBOHTY Fatsr GPMEALOLAE RASPOHTER B! figynagnesium sall o {87 -
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mat eri al produced accordi ng o exanpl e as 2+ - 3.8 H20

The mat &elcylatiopcbigdetgrialie® pt@nﬁgﬂewawmm Mawwwﬂerﬁ p@ﬁ@rnﬁa&mwﬂhu ffraction
chamber ﬁee&i?égﬁ{&e-ﬂwanp ggwﬁ&l st ﬂ&?&%?ﬁb%? x P85t R @n@%é&%ﬂg&m r‘iﬁé’é‘&%e Bl, ng

shows t ow Nng er as a function tenperat ure neasured
with a mDMaﬂeMmoT@maQMIum malsaitarer Corp. Norwal k, CT USA). The
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275 14. %he substance, namely the monohydrate D, y, is kept for additional 35 hours at 35°C ina

( 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 ug of 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 By wy of the magnesium
salt of {S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
yimethyll-amine and the amorphous magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yi{)-biphenyl-4-yimethyl]-amine E ;.

The solid state characterization of the material produced finally after equilibration according
to example 11 is performed with a DSC Pyris 1 from Perkin-Elmer 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 vaisartan E;uy as a
part of the material produced according to example 11 is Tg = 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



Case 4-32345A

The crystalline part Bj,nmg as the tetrahydrate of the magnesi um sal t 4ofUL 2006
val sartan has been <characterized wth calculated plane intervals from X-ray
nmeasurenents performed with a tenperature-humdity powder diffraction
chanber, The characteristic lines for tf@-crystalline part of this material
are listed as follows: d in [A] : 15.82, 11.02, 8.03. Measurenents of the
infrared spectrumtook place by neans of ATR- IR (Attenuated Tot al
Ref | ecti aipstamh@fps@rseg &ﬁﬁ@ﬁﬁﬁéﬁﬁ@‘édd&éa B8cdréiRg 'té‘éiérHBiEﬂH RBXc,Hienjmla owi ng
characteristic sori)tlon bands expressed I n"reciprocal wave nunbers (cm')
for the Mg erﬁ%le@r oduced according to exanple 11 within the thernobal ance
TGS-2 of I mai n
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1005; 97Bimed£byp.Nbwak1 8T URA). Tr8Bpatiitratetseepedwa 1Bronirct The wa gttt foess is
trihydralﬁg IC@rgf% the magnesiumsalt of (S)-N-(I-carboxy-2-nethyl-prop-I-
yl)-N-pe Vil PTVe: (1 Htetrazol -5-yl)-biphenyl -4-yl met hyl ] -am ne. 76. 3ng
of rragne5| um salt of

(S)_N_(l - chavyv. 2. nmat hayvl rop-1-viV.N-pepntanov-N-12: (]l H

..... y a! H )~ N-—pertanoy—-N-12. (|
t et razol -5-yf§é'"ﬁ)‘?ep5ﬁt€®iuq Wi net"ﬁ'%)g'?t-'%f’srﬂrﬂ‘@t%féé%“’e'ﬂagﬁydr atle Ao.ng is pressed
into an opgn  crucydhl e of g device which g 1oWs [0 Sel ajtenperature and a
hum dity prlogramas functidgn of tine and register for selected tine

i ntgrval s tlhe X—ra@Odlffractlon pattern (prvvder di ffractijon chanber

X Pert). The—tsothgrnat—tenperature s 28 Cand—thewater-free N2 at nosphere
is set at|a flowrate of 100 mM-mn". In"a parallel production step 4.75ngy
of magnesiym salt 190 val sgrtan as hexahyedc#ate AO. ng is placed in an open
cruci bl e oft—= .hmg“hﬁ! ancqg—FcS—2—Fhe ‘T t-rosphere—+n—+he¢ t hernobal ance is
wat er - free|and thé 5nstrumznt is flashed %th a N2 flow [of 50 m-mn-1. The
subst ance gbtainedsgfter I3 hours 1S theqdp hydrate CI, ngy of the nmagnesium

salt of (S)=-N(l -carboxy-2-mwethyl-prop-1 -yl)-Npentanaoyl-N[2"-(1
H-tetrazol {5-yl)- 1Eﬁphenyl 4-y!| met hyl | - af@f@e. The water dontent of the
subst ance CHmyTsmgeterm et Wt a LHEIIEI batance—TGS-2] The weight | oss,
i.e. water |l oss a 9 13 hours in a water-Tree atnosphere¢ at a tenperature
of 225 13.0

250 13.5

275 14.2

‘ The crystaliine part By mg as the tetrahydrate of the magnesium salt of valsartan has been
(_ characterized with calculated plane intervais 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., namely the
amorphous from Eq g as the main component and the crystalline form By pg of the
magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yi)-
biphenyl-4-yImethyl}-amine;



280C i s ©@BA-33348Adi ng a bound water content in the product C1,ng of 2 4QU0%s
A total formula is calculated fromthis value for d,m as

(C241-1271N1503) 2" My2~ - 2.8 H20 Calcul ation of the interlattice plane
intervals is taken from X-ray powder patterns nmeasured w th a powder
diffraction chanber X Pert. The charactédr-istic lines for the trihydrate
C.mg of the magnesiumsalt of valsartan are as follows: d in [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,Qd, 2&608§§7cﬂ 1@56 %0%71460 41%06413’5@ 150219264 1o96: 417042111848180135‘3”9' e

13 Production of I'um sal't

(S) - N- (11065 Bdx P4 2- &ﬁét BW 7@50E3& -808) - N—pent anoyi -N-[ 2' -

(I Htetrazol -5-yl)-bi phenyl -4-yl met hyl ] -am ne in anorphous formEj.ng. Case
4-32345A 2 4 JUL 2006 -68 4.02 ng magnesium salt of (S)-N-(I

- car box\Exammpet 11 - prop-1 -yl )-Npentanoyl -N-[2'-(] H

tetrazol l.) - bl phenyl - 4-yl met hyl ] -am ne _as h at e AQ fillged
nto-a Ciikubn B BRI dr e m bl helm e PRt S BN X et uprens o
and heatyN-gentanoydABIRC( 1 H-bstrazod-yMpipheaylel-yimsthlGnkngl n" and heating was 10

K-mn". After cooling the nolten substance to room tenperature the
subst ance Ej,ng was obtai ned as anorphous form of the magnesi um salt of

(S) - N- (76 @P‘Ma é@ﬁhhyéltm@ﬂtﬂéérbbkypzmm¥Fodﬂ1{yB ‘N-pdntanoyl-N-[2-(1H-

Htetrazol ?) bi ph eg% Q\){U -am ne he characterization of the
substané@rquﬂgry bipheaYicEMetadlraming aﬁé‘eé@@/ﬁﬁté%m sPresseddnthd® ORIt h t he DSC

Pyrl S LergbiMe GPé)Hé\ﬂ&e ﬂﬁlch@ﬁo@@?@éél%Qeﬁlﬁgl%ﬁlﬂf@%d% hdFHidFtPFro'éparﬁ:ag"?ﬂ’nétlBﬁ of
ged@u to 145-Cin a C Pyris | heatin K-mn-" in a

BlecRndoRgiatené&r S\ﬁietctﬁd time irdgryvalp meexﬂ@y diffeactine pa@e/r@a(p@wd%r djffrastion
t ransit 'cﬂé}por 2 E@Rﬁ%e;fm&hﬁaff Rrigrinid is % ¢ gﬁ?%é‘%{e‘? fr@‘é%zlértﬁgs&r%rre fdhe

anor phous t he magnesi um sal é
car boxy setatex flow :ape gfp‘lop Wi l)'u gbﬁpamigu prN:lchon glep 4.75mg of magnesuum salt of

Htetra e of
the" sposprrior e eIER Ao RS Inadipdirubipe br atgitioaibe 1R 27
measur edtmospheigain ¢he fheereobﬂameme sysharrieeccand the instrogent rsglas'ae@wﬁh ai, ﬂOWn n

cont ent o PEPRBUE, ARG TR H%tgi'ﬁ@%ﬁﬁo@%?#ﬁ ety T st BReeum sal o

(S)-N-( i‘nagaambimqa#tbf (S)-N-(1-carboxy-2- methyl prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-

nmet hyl - ent.anoyl -N-[2' - (I Htetrazol - 5-yl) - bi phenyl - 4-yl net hyl ] -
am ne, BPﬁgT}é'e '*S@‘@@PH}% to exanple 13 at the plateau of the weight |oss

for a tenperature of 22500 with 15.5% The total fornula of E .ng was
cal cul aII'ﬁe wa?er%onten g g %ugszténcl:\ég " Mg(l:sodnétg}rr%e wﬂ?\ a tﬁermobalance 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 Cy mg of 10.0%. A total formula is
~ calculated from this value for Cq g as (CaaH2sNsO5)* Mg?* - 2.8 H,0.

N

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 trinydrate C, y, 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, 467, 4.57, 449, 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-yimethyi]-amine in amorphous form E, y.



wat er . MEEF A0 of the infrared spectrum t ook place by neans of JATRi|l RIs
(Attenuated Total Reflexion-Infrared Spectroscopy) using an instrunent BX
The follow ng nost inportant absorption bands expressed in reciprocal wave
nunbers (cm) characterize the magnesium salt of
(S)-N-(I-carboxy-2-methyl-prop-1-yl)- NGSent anoyi - N-[2' - (I H-tetrazol -5-yi) - bi
phenyl -4- y[nmethyl)-am ne in anorphous formEj,m produced according to
exanpl e 13: 3189; 2959; 287 1; 2356; 1589; 1507 1459; 1405; 1358; 1299;

2)2(23 1%@ m réebgeél%%alt c?fggz-le\! (h?%'f’bog@@sme%?pro%%y%mﬁentﬁr\?%ﬁll_-l\g[(%g’m-aggorl\llo
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i nvention 2 Avicel (mcrocrys line . cel lul ose) 3 lactose
(cryst alate mep 196, lﬁm 6Wd Beatmgovaﬁsi\;blﬁ mame‘\ftpr 53(1"% tlae pltge syBstRNCOP 1o8M i ca,

ll1oid L 86
col o] dalf B3 By RERAE B45) s L PRGNRSHITAAEAGOh B BB o8y 2P
m nut es ($)ﬁNd1-‘6am@uY—é methiy!- pmngir-sdHNmnbyBN -[IdbHdekazol-6-ypbipheryd-4usi ng a

single t press with punches of a dianmeter of 8mm Fornulation
exanpl egwqﬁb%%%gproduced by roller conpaction: No. I|Ingredient proportion

per proportion per batch [ g] tablet core [ng] 1 valsartan magnesi um salt
hexahydrl.ﬁé %hg'rggteﬁgat%%co t e s stté)ncterﬁ Mg,rpercsa uced'aré\égrrtli%ngoto example 14 is performed
with the DSC Pyris 1. The cooling of the obtained substance E, y, to —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, g 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

is Tg= 73°C and the change of the specific heat capacity is Ac, = 0.53 J(gK)™.

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; , of the magnesium salt of (S)-N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl}-biphenyi-4-yimethyl]-amine, produced
according to example 13 at the plateau of the weight loss for a temperature of 225°C with
( 156.5%. The total formula of E, mg was calculated as (C24Hz7NsOz)* 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 foliowing most important
absorption bands expressed in reciprocal wave numbers (cm™) characterize the magnesium
salt of (8)-N-(1-carboxy-2-methyl-prop-1-yi)-N-pentanoyl-N-{2'-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl}-amine in amorphous form E, ng 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:



2 Avi celC%BR4 :82?'4?m crocrystalline 270 54 cellulose) 3 crospovi done 2745J|j{52[][]5
aerosil 200 (silica, colloidal anhydrous) 7.5 1.5 5 magnesium stearate 15
6 magnhesium stearate 7.5 1.5 Ingredients no. 1-5 are nmi xed for 50 m nutes
and conpacted on a Freund roller conpactor. The band is mlled and after
adm xi ng i ngredient no 6, conpressed rRPo tabl ets usi ng a single punch
tabl et press with punches of a diameter of 8nm 2 4 juL 2w -70 What is
claimed is: 1. Asalt of valsartan selected from polynorphs of the
trlhydrate, the nonohydrate, and the di-(calciurn salt of valsartan)

pent ah, ch caca nf fhn PQ'PI mumocalt aof vl Sartan ::nrl fhn

T UaroT o

anhydr at¥e- t hePgedient and sel ected from tFPfép?rF'?’PlPBrr%Htéh WQP%HBWBrate, and

t he tefrahydrate; in each case of the jnggnesi um salt ofta¥Rt saret[Aid) anp t he
anhydr at e t her eof A salt according fo claiml in crystalline” parftially

crystal lli ne o\ralmmﬂﬁ&lﬁnﬁelﬂﬂtfﬁbydrﬂﬁe Tt t34BAr ate of thebQal ci um salt [of
val sartan acc acterised by an X-ray powder pattern
taken with a %?BH@{O%E féaé@g@%gr:&g:irnn the following ijnterlattice plans

i ntervaks: d Amce[iR}-l 1AB(n00rcBrysialliré0. 2, | A4@0D. 2. 9. 410.;236 8. 06: LO. I, 7. 750.1,
7.030. {1, 13. %39 6. 100. 05, 5.160. 05 4.750.05. 4. |[The trihydrate [of the
cal cium sal t \93‘15’sartan according tg claiml1l, charadterised by an [X-ray
powder | pat t grlactbek iysaltime)a Gui ni er cargs pgaonpri si ng {tdw3f ol [ ow ng

i nterl attice-plane—ntervals—d in(A-—16-20-3 11502 990 2 9 _40. 2,
7.040. 14 6. 00OSPOVioRg0. 05. 4. 740. 05, | 453%60. 05, 3. 960.%8.
5 aerosil 200 (silica, colloidal 0.839 0.5
( anhydrous)
6 magnesium stearate (vegetable) 6.2086 3.7

Ingredient no. 1 is sieved through a 0.5 mm sieve and mixed for 15 minutes in a Turbula with
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 rolier 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
5 magnesium stearate 15 3
6 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 8, compressed into tablets using a single
punch tabiet press with punches of a diameter of 8mm.



5. The trihydrate of the calciumsalt of valsartan according to cl a“*nJﬂ,i 2006
characterised by an X-ray powder pattetOr taken with a Guinier camera
conprising the following intarlattice plane intervals: (i) din (A: 16, 1U,
11 A02, 9,90,2, 9A0.2, 9.0:01. 7.0130.1, 6.470.05, 5.7W05, 4.150. 05,
3.940.05; or (H an ATR-IR spectrum having the follow ng absorption bands
expressed in reciprocal wave nunbers (cm'): 1621(st); 1577(m); 1458(nm;
1405(m); 1354(w); 1273(w); 1012(w); 756(m); 737(nm); 667(m. 2 4 JUL 2006
-71 6. The nonohydrate of the calciumsalt of valsartan according to claim
1, characterised by an X-ray powder pattern taken Wth a Guinier canera
conprising the followwng interiattice, plane Intervals: din [A]: 16.0*0. 3,
15, OLO 3, 11.60.2, 9AW?2, 7.53t0O 1, 6.1 U0.05. 7. The pentahydrate of the
di - (cal ci M%al sartan) according to claiml1, characterised by an
x-ray powder pattern taken with a Guider canera conprising the follow ng

interlattice i rval.s; in [Al: 15.51-0.3, 11.5.0.2, 9.40.2, 9.040.
1. 6. 460I.I'05,A0%38§’2'.88@a$ Sg_%g%_ffg'g, 5.164. 05, 4.480.05, 3.600.05. S. An

anor phouspaxpraghg of thefrihydséteyal sart an according to claim 1, characterised by
heating B nfohéMyrdtel Saper ature far below O*C in open or closed sanple pans
up to 220*C or higher tenperatures by a glass transition tenperature Wth a
change ofm?ﬂﬁlc%!ﬂ‘@gﬁti%vﬂﬁg")@éﬁ?w’ﬁﬂ- and showi ng no nelting point and no
ent hal py mfeaéhitasest thelchiciuisalt af walspitemlandaiwl aphydratsmbieopf val sartan according to

claim1, char ised by (1) a water content of 11 2% (ii) a gl ass
transitio %F‘gé%;ﬁ%lc (I''i) no nmelting point (iv) no enthal py of fusion.

10. The athetibyrnale cal ci um salt of val sartan according to claim1,

char act erﬁ%ng?dmg.lgnda wat er content of 9:t 2% (11) a glass transition of
143 2GC g'li no nmelting point (lv) no enthal py of fusion. 11. The

tri hydr at Be BfeWA@teagnesi um'salt of val sartan according to claim 1,

char act eringech case of the magnesium salt of valsartan, and the anhydrate thereof.

2. Asalt according to claim 1 in crystalline, parfially crystalline or amorphous form.

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

din [A): 16.0£0.3, 11.4£0.2, 10.040.2, 9.410.2, 8.0610.1, 7.7520.1, 7.03+0.1, 6.4810.05,
6.1010.05, 5.1620.05, 4.75£0.05.

4.  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
intervats: d in [A): 16.2+0.3, 11.5£0.2, 9.940.2, 9.4+0.2, 7,0440.1, 6.50£0.1, 5.79+0.05,
4.7420.05, 4.1640.05, 3.9610.05.

5.  The trinydrate 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: _

(i) d in [A]: 16.120.3, 11.40.2, 9.920.2, 9.4+0.2, 9.0£0.1, 7.030.1, 6.47+0.05, 5.79+0.05,
4,15£0.05, 3.94£0.05; or

(i) 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).



by an X-ray powder pattern taken with a Guinier camera conprising the Jul 2006
following interlattice plane interval-sfl-d in [A]: 17.90.3,10.20.2, 8.960.2,
7.180.1, 5.93A 05, 5.840.05, 5.420.05, 5.110.05, 5.010.05,4.82t0 Cp,
4.670.05, 4.300.05, 4,190.05, 4.130.05, 4.020.05. 2 4 JUL 2096 -72 12. The
nonohydrate of the magnesium salt of val sartan according to claiml,
characterised by an X-ray powder pattern taken with a Guinier canera
conprising the following interlaffice plane intervals: d in [A]:

15.10. 2, 10.90. 2,10.30.2, 7.660. 1, 5.120.05. 13. An anorphous magnhesi um
salt of valsartan according to claim1, characterised by heating up froma
tenperature far below OC in open or dosed sanple pans UP to 2200C or

hi gher tenperatures by a glass transition tenperature with a change of the

specific_heat capacity and show n% no nmeltin £oi nt and no enthal py of
fusi on. &4. TeaEonyHEies| thecalgHasaY; VE’&?‘F"GF“V‘E" Pesta claiy 1. £88r9rtEs8d to claim 1,
char act epy seXiralp powder pattermiakeprwith Grluinidr carherd Gomptisingithe) follbwirgamendtticansi t i on of

78 200G r[eiakéc gﬁ%iﬂﬁ\!]:ﬁ%&gggﬁ%ﬁto.ﬁ 1‘4)6¢Q.9fee.£'§r%[?k§¥td?f gygapn. 15 A salt

accor di n‘(’;%a 0 ormselecte r'o grodup consisting of (i) a
crystalline form (ii) a partly crystalline form (iii) an anorphous form

and  (1Vv9, aTROpeHBMEBRLStHeQIRhicid saltoryalkdtafr4ceérding® disimal aim 1 in the form
of a solvate. cCco inthe formof a hydrate. 18.

i . A salt ding to,.claimi
A sal ¢ cRbeEarseg b an ek AGET ARG PRor S 4P aRRAPTPESSIDE A
phar mac efolidwinglinteriattioe piateé iotervaisndinilAli 150518 35H.5:02¢ 8 4£ai2,8p4e@1cl aim 1 and a
phar e eylhd, 63k g 8 @b 6s Xk Rbs BlsRl o2 dbld gee. 20 Pharmaceut i cal
preparation according to claim19, furthef conprising at |east one conpound
selected fromthe group consisting of a: (i) HMCCo-A reductase inhibitor or

a phar meg eufah aRbiproRcaRRinedak 6f vaitakantde6dr8IA 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 metlting point and no enthalpy of fusion.

11. The amorphous calcium salt of valsatan according to claim 1, characterised by
(i) a water content of 11 £2%

(i) a glass transition of 94 1 20°C

(iii) no melting point

(iv) no enthalpy of fusion.

10. The amorphous calcium salt of vaisartan according to claim 1, characterised by
(i) a water content of 9 % 2%

(i) a glass transition of 143 £ 20°C

(iii} no melting point

{iv) no enthalpy of fusion.

11. 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, 10.2+0.2, 8.9630.2, 7.18+0.1, 5.9310.05, 5.8410.05,
5.42+0,05, 5.1110.05, 5.01£0.05, 4.82+0.05, 4.67+0.05, 4.30:0.05, 4.1910.05, 4.1320.05,

4.0210.05.



2 4 JUL 2006 -73 (it) angiotensin converting enzyne (ACE)

i nhi bi t @r4 ot

pharmaceutically acceptable salt thereof., (ill) calciumchannel bl ocker
a pharmaceutically acceptable salt thereof, (iv) aldosterone synthase
(v) al dosterone

i nhibitor or a pharmaceutically acceptable salt thereof,

ant agoni st or a pharmaceutically acceptable salt thereof,

(v!) dual

angi ot ensi n converting enzyne/ neutral endopepti dase (ACElI NEP) i nhi bitor
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

phar maceutical ly acceptable salt thereof.

12. The monohydrate of the magnesium salt of valsartan according to claim 1,

characterised by an X-ray powder pattern taken with 2 Guinier camera comprising the
following interfattice plane intervals: d in [A]: 15.1:0.2, 10.8£0.2, 10.3£0.2, 7.6640.1,

5.1210.05.

13. 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.

14. The amorphous magnesium salt of valsartan according to claim 1, characterised by

(i} a water content of 16 + 3%

(ii) a glass transition of 78 + 20°C
{iii) no melting point

(iv) no enthalpy of fusion.

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

(i) a partly crystalline form;

(iiiy an amorphous form; and

{iv) a polymorphous form.

16. A salt according to claim 1 in the form of a solvate.

17. A salt according to claim 1 in the form of a hydrate.

18. A salt according to claim 1 in the form of an anhydrate.

9. A pharmaceutical compaosition comprising a salt according to claim 1 and a

pharmaceutically acceptable excipient or additive.

20. Pharmaceutical preparation according to claim 19, further comprising at least one

compound selected from the group consisfing of a:

i  HMG-Co-A reductase inhibitor or a pharmaceutically acceptable sait thereof,

&06
or

or

a
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{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,

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

fvii) 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.
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