1 0 JAN 2005 | VALSARTAN SALTS The invention relates to new salts of the
ATE receptor antagoni st (S)-N (1-carboxy-2-nethyl - 1 q JAN 2005
prop-1-yl)-Npentanoyl -N-[2'-(1Htetrazol -5-yl)-bi phenyl - 4-yl - net hyl ] -am ne
(valsartan) of formula H3C. \HCH3 H2 H3C C C C H2 H2 O N COCH The active
i ngredi ent valsartan is the free acid which is described specifically in EP
0443983, o3 RAHTAN SALTSXanpl e 16; it has two acidic hydrogen atons: (i)

t he hydrogen atom (H atom) of the carboxyl group, and (ii) that of the
tetrazole ring. Accordingly, one acidic H atom (primarily the carboxyl H
atonm) or both acidic H atonms may be replaced by a nonoval ent or higher
valent, e.g. divalent, cation. Mxed salts may al so be fornmed. EP 443983
does not _di scl ose any specific salts of valsartan. Al so, it does not
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melting p@mwa in a cl osed crucible of 80 to 95C and in an open crucible of
105 to 110C and a nelting enthal py of 12 kJ/nol. The optical rotation is
[a] 20D=(-70 2) for a concentration of ¢ = 1% in nmethanol. The density of
the val sartan crystals gpd of the salt hydrates was determned by a helium
pycnonet er (Accupyc 1330° of ywcrbneritics, Norcross, GA USA). The density
for the crystals of tthe fr&e acid valsartan is 1.20t 0.02. 1 0 JAN 2005 2
The X-ray diffrdetion|di agrdm consists essentially of a very broad, diffuse
Xray ref I*b%{io Cth ree &Bj{d is therefore characterised as al npst

anor phous un@grg X-YHy rp‘e/malmdmg point linked with the neasured nelting

ent hal py of 12 kJ/rﬂaI-unqquiv ly confiirmthe
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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 (i) that of the tetrazole ring. Accordingly, one acidic H
atom (primarily the carboxyl H atom) or both acidic H atoms may be replaced by a
monovalent or higher valent, e.g. divalent, cation. Mixed salts may also be formed.

EP 443983 does not disclose any specific salts of valsartan. Also, it does not mention any
special properties of salts. 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 kJ/mol. The optical rotation is

[2}®% =(-70 = 2) ° 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.



exi stence of a considerable residual arrangenent in the particles or
structural domains for the free acid valsartan. There is a need fqr ”SWZGUS
stable, e.g. crystalline fornms of valsartan, which are even easier tQ)

manage in the drying or grinding processes following the final stage of the
chem cal preparation process and al so i*+he steps for preparing the

phar maceutical formulations. Many futile attenpts have been nade to find

i nproved fornms through salt formation, the fornms ideally being as
crystalline as possible, as well as physically and chemcally stable. Only
the salts according to the invention, their solvates and pol ynorphous forns
thereof BxnXisay diffiection<iiagrami appsistseasspniigiyrof aoery Broed ditfuse Keay reflectiont s of
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free aci Ghedtepdidvhlsa. obj ects of the present invention are salts of

val sartan which are selected fromthe group consisting of the nonosodi um
salt, the nonopotassiumsalt, the dipotassiumsalt, the rragnesi umsalt,
the cal ci e S r nmmoni um
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salt, the bis-diethyl ammoni um salt, the bis-dipropyl anmoni um sa

bi s- di butSH Mﬁﬂﬁﬁﬁ"ﬂ impreved RreReslies-ar gi ni ne salt, the bis-L-arginine salt,
the 1 0 JAN 2005 3 nono-L-lysine salt and the bis-L-lysine salt, or
respectively, an anorphous form a solvate, especially hydrate, as well as
a poly rmr'deegn&QﬂnrﬁftSﬁBq? ebvalsagian with theudesised advaritigesiua grapesties hdmpmecﬂ tom

di fferent S f h g [ tures. of those
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Preferr edeéiamd; (sucke af d)'uardaicamsl wazes eceils)) Extensivénmsearch has shown that the saits

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 of valsartan which are selected from the
group consisting of the monosodium salt, the monopotassium salt, the dipotassium salt, the
magnesium salt, the calcium salt, the bis-diethylammonium salt, the bis-dipropylammonium
salt, the bis-dibutylammonium salt, the mono-L-arginine salt, the bis-L-arginine salt, the
mono-L-lysine salt and the bis-L-lysine salt, as well as sait mixtures, or respectively, an
amorphous form, a solvate, especially hydrate, as well as a polymorphous form thereof, the
respective production and usage, and pharmaceutical preparations containing such salts.

The objects of the present invention are salts of valsartan which are selected from the
group consisting of the monosodium salt, the monopotassium salt, the dipotassium salt, the
magnesium sait, the calcium salt, the bis-diethylammonium salt, the bis-dipropylammonium
salt, the bis-dibutylammoniumsalt, the mono-L-arginine salt, the bis-L-arginine salt, the



nono-sodi um salt in anorphous form di-sodiumsalt of valsartan in

anor phous or crystalline form especially in hydrate form t her eofl { JAN 2005
Mono- pot assi um salt of val sartan in anorphous form di-potassiumsalt of
val sartan in anorphous or crystalline form especially in hydrate form
thereof. calciumsalt of valsartan in crystalline form especially in
hydrate form primarily the tetrahydrate thereof; nagnesiumsalt of

val sartan in crystalline form especially in hydrate form primarily the
hexahydr r q‘hrﬁ@d '
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bi s- di propyl ammoni um salt of valsartan in crystalline form especially in
hydrate form bis-dibutylammoni umsalt of valsartan in crystalline form
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anmor phous, r@ldﬁlera@ss L-l1ysine salt of valsartan in anorphous form The
salts according to the invention preferably exist in isolated and
essentially pure form for exanple in a degree of purity of >95%

preferablyre?&ﬁ]ésa%lap@ drlexamggy%%%;%g d 8 amgl oner purity of the salts

according to nven I on pre erably >99% Conpared with the free
aci d, thement-sediamcsaitdn agrorphdulsdonnmventlon or the anorphous forns,
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Under gi vigareepndi tions, the crystal line salts and crystal I i ne salt
hydrates have a cl ear mel tin poi nt which is linked with a marked,
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storage and distribution. The anorphous or partiall’ ave
limted sthessiof-ity, i.e. as the solid, they have a restricted stablllty
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tetrahydrate thereof;
magnesium salt of valsartan in crystalline form, especially in hydrate form, primarily the
hexahydrate thereof;
calcium/magnesium mixed salt of valsartan in crystalline form, especially in hydrate form;
bis-diethylammonium salt of valsartan in crystalline form, especially in hydrate form;
bis-dipropylammonium salt of valsartan in crystalline form, especially in hydrate form;
bis-dibutylammonium salt of valsartan in crystalline form, especially in hydrate form,
primarily the hemihydrate thereof;
-mono-L-arginine sait of valsartan in amorphous form;
bis-L-arginine salt of valsartan in amorphdus form;
mono-L-lysine salt of valsartan in amomphous form;

bis-L-lysine salt of valsartan in amorphous form.

The salts according to the invention preferably exist in isolated and essentially pure form,
for example in a degree of purity of >95%, preferably >98%, primarily >99%. The
enantiomer purity of the salts according to the invention is >98%, preferably >99%.

Compared with the free acid, the salts according to the invention, or the amorphous forms,
solvates such as salt hydrates, and also the corresponding polymorphous forms thereof,



I'n addition, both the crystalline and the anorphous salts according to

I nvention have a high degree of dissociation in water and thus 10 JAN ZMB
substantially inproved water solubility. These properties are of

advant age, since on the one hand the dissolving process is quicker and on
the other hand a smaller anpbunt of water4i-s required for such sol utions.
Furthernore, the higher water solubility can, under certain conditions,

al so lead to increased biological availability of the salts or salt

hydrates in the dosa rng. .l nproved 0 rt|e are
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they are produced as a pharmaceutically active substance and when

produci ng, storing and applying the galenic preparation. In this way,
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of the salts according to the invention may present, for exanple,” as
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respecti s, e.g. four hours. Also, for example, the melting point of the salts according to the
invention will not be changed by storing under different relative humidities.

Improved physicochemical properties of certain salts or certain salt hydrates are of great
importance both when they are produced as a pharmaceutically active substance and when
producing, storing and applying the galenic preparation, In this way, starting with improved
constancy of the physical parameters, an even higher quality of the formulations can be
guaranteed. The high stability of the salts or salt hydrates also give the possibility of
attaining economic advantages by enabling simpler process steps to be carried out during
working up. The high crystallinity of certain salt hydrates allows the use of a choice of
analytical methods, especially the various X-ray methods, the usage of which permits a
clear and simple analysis of their release to be made. This factor is also of great
importance to the quality of the active substance and its galenic forms during production,
storage and administration to the patients. In addition, complex provisions for stabilising the
active ingredient in the galenic fonmulations can be avoided.



Sol vents used for crystallisation, such as al cohols, especially netw?q%
et hanol , al dehydes, ketones, especially acetone, esters, e.g. ethyl N 2003
acetate, may be enbedded in the crystal grating. The extent to which a

sel ected solvent or water |leads to a solvate or hydrate in crystallisation
and in the subsequent process steps or |-&xds directly to the free acid Is
general |y unpredictabl e and depends on the conbi nati ons of process
conditions and the wvarious interactions between val sartan and the sel ected
solvent, especially water. The respective stability of the resulting
crystalline or anorphous solids in the formof salts, solvates and

hydr at es, Trasinveitionagcbitinglprelates tncysigling) diss pavipchstatinesmdtariyghaiesaltsmust
be detehginﬁg bx experinmentation. It is thus not possible to focus solely
on the cHIYASAM conposition and the stoichionetric ratio of the nol ecul es
in the resulting solid, since under these circunstances both differing
crystalline solids and differing anorphous substances nay be produced. The

descri pt i Anwehas thesnlvates sueh agdiydiadeso tha iyentippralaarelates torolyipepbeustormas
wat er rméf‘?ﬁé”sﬁ?s é&o}cng%gﬂgf‘%tim%ﬁgﬁ_uct ure are bound by strong

I nt er nol ecul ar torces ere represent an essential elenent of
structure formation of these crystals which, in part, are extraordinarily
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case of stable hydraftes, there are clear stoichionetric ratios between the
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the alkali nmetgl salts, especially in the potassiumsalt, so that the
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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 molecules are more or less
integrated in the crystal structure forming, but to a lower energetic effect. The water content
in amorphous solids can, in general, be clearly determined, as in crystalline hydrates, but is
heavily dependent on the drying and ambient conditions. In contrast, in the case of stable
hydrates, there are clear stoichiometric ratios between the pharmaceutical active substance
and the water. In many cases these ratios do not fulfil completely the stoichiometric value,
normally it is approached by lower values compared to theory because of certain crystal
defects. The ratio of organic molecules to water molecules for the weaker bound water may



crystal gratings are sunmarised by the term pol ynorphi sm Any referﬁﬂqﬁy 5
her ei nbef ore and hereinafter, to the salts according to the inventﬂ @gﬂ
be wunderstood as referring also to the correspondi ng sol vates, such as
hydrates, and pol ynor phous nodifications, and al so anorphous forns, as
appropri ate and expedient. Especially pr&ferred are the tetrahydrate of the
calciumsalt of valsartan and the hexahydrate of the magnesi um salt of

val sartan. The X-ray diffraction diagram of powders of these two salt
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signs of non-crystalline or anorphous portions. e degree o
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Such single crystals allow the structure of the solid to be determ ned. It

Is effected by conput.er-aided evaluatjon of the reflection intensities
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physi cal, chem cal and enantioneric purity of the gauded crystals, a clear

det er ni ndbatdhe gMmberded watrimglecyles eannok be deterpineddm definasl feonl ar or atomic

| evel, nanely symetry and size of the elenentary cells, atom positions
and tenperature factors, and fromthe ascertained cell volune, the

X- r ay- phdtos heapriystallide selidsyhdvingsidenticabcherhieallzasipositibn athe miff exent rasultheg ght . At

the sane ting, - - ' tructure determ nation supplies
details O slr@sqr%]‘[@lsi)étré/ngH%%gg%ng%ﬁﬁmg%T@fghdi ng properties of these
two salt hydrates are based on the crystals, which form these salts by
incorporapgr{ynrg f our or s'bx wat er . ecu esérf)er val sartan nol ecul e. Thus,
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two sal t nliaMtood/ s I%lferﬁﬁ%_ﬁbb!tbﬂl'}’e EdtdspbRding ¥6Nales! sUbhashfldifbs tdin the free
acid of valsartan, and this is especially surprisingly at high nelting

poi nts am@NmArehols rEadifieatipnasandigise AMERhAS dorMso As APRWPriaterans expsdiest. t han
the free acid. The extraordinary crystal gratings of these two salt
hydrates are the basis for the chem cal and physical stability of these two
conpound&spegialhprretaread are|the tadtahpiratasel the gglgium salt of valrartenandibelr at e of the

cal ci um : eci men container, for a heating
rate of %r%kéh%até%(};%%rﬁggneélk%%gg%ggér#gﬁﬁg point of 205 * 1.5 C and a

nmelting enthal py of 98 4 kJ Mdl-1. The tetrahydrate of the cal ciumsalt
ﬁ; d\r/glt Z a@?z-}aindgﬁrtac%r?&ggra% oﬁ')c?ﬁ:/@etrg gf Eh%gg%oatséﬂ ﬁfdrgt%ts%agg num eercotf of the
discrete X-ray reflections, and practically no signs of non-crystalline or amorphous portions.
The degree of crystallisation of these defined salt hydrates is therefore surprisingly high.
Equally, refatively large crystals may be cultured from certain salt hydrates, and in the
crystallographic sense these are single crystals. Such single crystals allow the structure of
the solid to be determined. It is effected by computer-aided evaluation of the reflection

intensities measured by an X-ray diffractometer.

This process for determining the structure of a crystal enables, under normal conditions
such as high physical, chemical and enantiomeric purity of the gauged crystals, a clear
determination of the structure to be carried out on a molecular or atomic level, namely
symmetry and size of the elementary cells, atom positions and temperature factors, and
from the ascenrtained cell volume, the X-ray-photographic density is shown on the basis of a
molecular weight. At the same time, the X-ray-photographic structure determination
supplies details of its quality.



in respect of the structure of the nolecule. The indicated nelting gf#gw bmﬁ
a hydrate nelting point which can only be neasured in a cl osed spé n
container. Gold containers with a wall thickness of 0.2 mm were used;

after weighing in sanples of between 2 and 4 ng salt hydrate, they were

seal ed by cold wel ding. These gold contaiZnrers have an internal free volune
of ca. 22 mcrolitres. The anobunts of the sanple and the volune of the
pressurised containers nmust be suitably adapted, so that strong
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spectrumof the tetrahydrate of the calciumsalt of valsartan in a

pot assi urRyRlsATaR icRphstatie atelevalpd terapgiaurehbothdn respesigfShe Ayenataaweater apd J AN

2005 8 b ' ' b ohint &7, hSt);
3400 - 29000 For ORE el an TRt LOTe MRS AP0 phiny KR Mg by
- 1220 (wpeintygpeh canagp bewpeasurerbip a alogd $pecimen gantainen 200ldwepntairie?s with 050

(W 103Qyz; BRMRNELD of Y I ' : j 4 iPsan 470
(10 10, 888t er O3y b B Fnighe bl R sp 4 g sn (1
= weak; (midratentbdy were seadeq by yold vetldingg Thesegald cgntalvieas hawneminterhal fidee
I nfrared rum likew se to | ace. b ans of ATR-1I At t.epuat ed Tot al
Rt | et | AT Phb 22t et o1 RrGfieh HE S e amfc vyl RS BieSPudshd
Per ki n- El cuetainé®o must bBeaitabhs hdaptdd, sdubkbstrdngenydratidhof itk s hidraé€ caindt he
cal ci um ialLt of val.sartan has E hfethf ol Ilovvi ng ablshor‘g)t i,on bands _expressed in
reci proc a %l\?(ée HHmp@aﬁwﬁ{neﬂ of the melting paint. The partial pressure of the water at
205° Celsius is ca. 18 bar, so that with an open container in DSC (Differential Scanning
Calorimeter) during measurement of the melting point, conversion to the anhydrate takes
place. If the data from several heating rates (T,= 10, 20, 40 K »min ") are extrapolated to a
continuously rapid heating rate, a melting point of 213 £ 2 °C and a melting enthalpy of 124
+ 5 kJ« Mol result. Both the high hydrate melting point and the amount of the melting
enthalpy are an expression of the exceptional stability of the crystal grating of the
tetrahydrate of the calcium salt of valsartan. These two thermodynamic characteristics
iHustrate the advantageous physical properties, compared to the free acid, with the two
corresponding data, namely a melting peint in the closed systemn of 90°C and a melting
enthalpy of 12 kJ«Mol"'. These thermodynamic data, together with the X-ray data, prove
the high stability of this crystal grating. They are the foundation for the special physical and
chemical resistance of the tetrahydrate of the calcium salt of valsartan.

A measurement of the infrared absorption spectrum of the tetrahydrate of the calcium salt
of valsartan in a potassium bromide compressed tablet shows the following significant



3594 (w); 3306 (w); 3054 (w); 2953 (w); 2870 (w); 1621 (st); 1578 %% 458
(m; 1441 (m; 1417 (m; 1364 (m); 1336 (w); 1319 (w); 1274 (w); ﬂW{JUﬁ
1211 (w); 1180 (w); 1149 (w); 1137 (w); 1106 (w); 1099 (w); 1012 (m); 1002
(w; 974 (w); 966 (w); 955 (w); 941 (w); 863 (w); 855 (w); 844 (w); 824
(W; 791 (w); 784 (w); 758 (m); 738 (mM 8696 (m; 666 (M. The intensities
of the absorption bands are indicated as follows: (w) = weak; (m = nedium
and (st) = strong intensity. The nost intensive absorption bands of the
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1441 () ;180871 {29 (st)1 BHW ¢ A$8 1%)1936%- 3327(!11)(1/@90—122_30 (ww)g2aq801ew)(w 1137
101 ¥ 7
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Us t he t.her no- e - er Ki n- e

wat oF contUied da dopue i 7 Rat kI 5 Bedpanpgial = pipRamicha. Meesaemess o

from t hi shé (ke SHetrr likeddse 106k place By hedidof ATR-IF(AtheUERG P3thMetry, in a

water-free N2 atnpsphere, the weight |oss, i.e. the water loss for the

t et r ahydrRgflectien- H'f'?[ﬁ%gp%ﬁimépoﬁﬁhﬁ@gébﬁF@"UW&%“ ﬁaa@m&xatfora ReddnElmer at e

of 10 K ddf  BeaddtfieRS BUEKs, &rnBldnyl ustrated in table 1. Table 1 1 0 JAN
2005 -9 250500 750.5 1003.5 12510.2 15012.4 17512.8 20012.9 22512.9

25013. 0 Zreistrahydnetesd thebcalcivg saft of valsegan hhay theafiodowingahsomptibn bandsal t of
val sartan, b0 a8 §f reBh P lvald XhMbER (cfh):
3594 (w); 3306 (w); 3054 (w), 2953 (w); 2870 (w); 1621 (st); 1578 (m); 1458 (m); 1441 (m);
1417 (m); 1364 (m); 1336 (w); 1319 (w); 1274 (w); 1241 (w); 1211 (w); 1180 (w); 1149 (w);
1137 (w); 1106 (w); 1099 (w); 1012 (m); 1002 (w); 974 (w); 966 (w); 955 (w); 941 (w);
863 (w); 855 (w); 844 (w); 824 (w); 791 (w); 784 (w); 758 (m); 738 {m); 696 (m); 666 (m).
The intensities of the absorption bands are indicated as follows: (w) = weak; (m) = medium
and (st) = strong intensity,
The most intensive absorption bands of the ATR-IR spectroscopy are shown by the
following values expressed in reciprocal wave numbers (cm™): 3306 (w); 1621 (st);
1578 (m); 1458 (m); 1441 {m); 1417 (m); 1364 (m); 1319 (w); 1274 (w); 1211 (w); 1180 (w);
1137 (w); 1012 (m); 1002 (w); 758 (m); 738 (m); 696 (m); 666 (m).

The error margin for all absorption bands of ATR-IR is + 2 em™.

The water content is in theory 13.2% for the tetrahydrate of the calcium salt of valsartan,
Using the thermo-scale TGS-2 ( Perkin-Elmer Corp. , Norwalk, CT USA ) the water content
was determined as 12.9 %. A total formula was calculated from this {C24H2;NsQ3)* Ca®*e
(3.9 2 0.1) H.O.

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

for the tetrahydrate as a function of temperature, was measured at a heating rate of 10

-1

Kemin ™~ . The results are illustrated in table 1.

Table 1




illustrated in Table 2 for a tenperature of 22C. Table 2 A corrpariitr:w m\' g
the solubilities of the two nost inportant salts according to the i (J |(.7)w]
and the free acid in distilled water is illustrated in Table 3. Table 3

val sartan 0.17 tetrahydrate of the calciumsalt of val sartan hexahydrate of
the magnesium salt of valsartan 9 59 FuPt-her characterisation of the
tetrahydrate of the calciumsalt of valsartan is effected using the
interlattice plane intervals determ ned by a X-ray powder pattern.

Measur enent Wﬁmyo—pmmms made with a
Qui nier cangra (FR'552 fnom Enraf Nonius, Delft, NL) on an X-ray filmin

transm ssi on geomdOry, uging Cu-Kal radiagion at roomtenperature.

Eval uati on ¢+—+hefHtrs—for—ecatlcuation—of the interlattig¢e plane intervals
is made both visudPly and by a Line-Scaf®er (Johansson Taby, S), and the
reflection iNtens{dg €s afe determ ned SEREUITaneousry Thg preferred
characterisation of the tfletrahydrate of fhe calciumsalt ¢f valsartan is
obtained fromtheldnterl attice plane intxals d of the ascertained X-ray

diffraction Wﬁeby—r—n—t—he—f—ﬂew—ﬁg—we*—age val ues are

i ndi cated wijth th ppropriate error |i m%d. din [A] : 16.10.3, 9.90.2,
9.40.2, 8.030. T, 4s/I0.I| 7.030. I, 6.50G2lg 6.33T0. 1, ©6.200.05, 5.870.05,
5.740.05, 5/670 05 5 20Q 05 __5.050. 05 4 950.05, 4.730.05, 4.550.05,
4.330. 05, 4{150. (00 4.12¢. 05, 3.950.05, 12910.05, 3.870.0%, 3.350.05. The
nost i nt ensifveTefjectops T the—>XTay 1\5 ffraction—diagram show t he
follow ng interl Z%étlce pl ane i ntervals: dgi n [Al : 16.10{3, 9.90. 2,
9.40.2, 7.080.1, #000.1) 5.870.05, 5.743.®5, 4.950.05, 4.730.05,

4.330. 05, 41150-05—4—120-05,.-3.950. 05 A preferred-—nethofl of checking the
above-i ndi cqt ed RIS age val ues of the i 4 | attice pl ane |intervals and

i ntensi tigg JGRBARY SRt byt Or tHE Catlum AT R vARIAN inwalel-bRandl RSEA0Bis

with a

illustrated in Table 2 for a temperature of 22°C,

Table 2

Ty

10 9
30 14
50 46

A comparison of the solubilities of the two most important salts according to the invention

and the free acid in distilled water is illustrated in Table 3.
Table 3

Rk T
;;;;;;;;;

valsartan

tetrahydrate of the calcium salt of valsartan 9
hexahydrate of the magnesium salt of 59
valsartan

Further characterisation of the tetrahydrate of the calcium salt of valsartan is effected using
the interattice plane intervals determined by a X-ray powder pattern. Measurement of the



Qui ni er canmera, for a given substance, consists in calculating these
intervals and their intensities fromthe conprehensive single crysﬂaﬂ JAN 2005
structure determ nation. This structure determ nation yields cell

constants and atom positions, which enable the X-ray diffraction diagram
corresponding to the solid to be cal culatled by neans of conputer-aided

cal cul ation nethods (programme CaRi ne Crystall ography, Universite de

Conpi egne, France). A conparison of these data, nanely the interlattice

| I nt | |t ; ' t | i the
et ahydrats v el eng¥ala hade Ahn oSyHRr bamtANPR A BFerNod G Pt
wi t h t he Mi)iom ar Xeayrimainarassmissiorcgéamétat, iveiggttheKsi nadiator ay stont tetkgieratures

illustrated,in Tabl.e 4. Tabl 10 N 2005. 11 9..89strong9. 88very .

5 bover o el 38bE finsdaiieagig s iR la e s D ENAR B Bade b hisuany
weak5. 04QuRirdy akeink-Stanrve@bBakkion arpged), Aha s fedio?dsenaiies are determined

7. 71lweak7. 70weak4. 73weak4. 724weak 7. 03average7. 0laver age4d. 55weak4. 539weak

6. 50aver sYBWaNeYEY ages. 33weak4. 338weak
6. 33""eak&@%%d%ﬁﬁﬁ%ti&@@ﬁﬁ%qgﬂa@d%w 8F dreeal YR sHlt of valsart

weak4. 12weak4. 114weak weak 5.87averageS. 862averages. 95average3.a§4ifaverage
5. 74aver &id@nebiamdha ijderiatuepirae Buevalalid dfitee resastainednX-ray ditfexstion diageams,

et byt pr daereh I ReIERMING aveligeigés e dttarl whlid e e 6B Y, sy 1 - o
m ne, a cdiyls[A]a:l1_8.11133.?;9.9&.%9.4&0.%8@!3&&1117.70mnaz.t)lat®._seﬁtsbyo.§1< he.adam.a\,l\gnd

Z S and _X-r er
Pat tor no. S20 G2 R B 50 SRYRLE. £2DBY0BoR b decReat B« 2R EE
crystal *5540.08, 4350l05)3. 1529.05) 4. 18abiosi, Biosro.06, BITA +0\08, BERWM 05 3362 08at a
and the paraneters may be found in Stout & Jensen, X-Ray Structure

Determ nation; A Practical GQuide, Mac MIlian Co., New York, N Y. (1968)
chapt er 3rhe most intensive reflections in the X-ray diffraction diagram show the following interlattice

plane intervals:
din{A]: 16.110.3, 9.940.2, 9.410.2, 7.03+0.1, 6.5020.1, 5.87+0.05, 5.74+0.05, 4.9510.05,
4.7310.05, 4.3310.05, 4.1510.05, 4.12+0.05, 3.95+0.05.

A preferred method of checking the above-indicated average values of the interlattice plane
intervals and intensities measured by experimentation from X-ray diffraction diagrams with a
Guinier camera, for a given substance, consists in calculating these intervals and their
intensities from the comprehensive single crystal structure determination. This structure
determination yields cell constants and atom positions, which enable the X-ray diffraction
diagram corresponding to the solid to be calculated by means of computer-aided calculation
methods (programme CaRine Crystallography, Université de Compiégne, France). A
comparison of these data, namely the interlattice plane intervals and intensities of the most
important lines of the tetrahydrate of the calcium salt of valsartan, obtained from
measurements with the Guinier camera and from calculating the single crystal data, is
ilustrated in Table 4.

Table 4

ek

strong




The data and paraneters of the single crystal X-ray structure determ nﬂ\tl\] %1
for the tetrahydrate of the calciumsalt of valsartan are containdd i 03
Table 5. Table 5 Crystal data and paranmeters of the tetrahydrate of the
calciumsalt of valsartan Crystal data sumfornula (C24 H27 N5 03) 2- Ca 2+
4 H20 nol ecul ar mass 545.65 crystal colbur colourless crystal shape flat
prisnms 1 0 JAN 2005 crystal system space group size of the single crystal

di rensi ons and angle of elenentary cell volume of elenmentary cell nunber of

par amet of ' 20) | SEPR 4 2{?‘%;?’? | e atbaor oL NERK caPrE) dntV e agK
reasur enent dala _ di 1 act omp airony radi at [ ¢n (graphi t ¢ ronociromat or )
ol Foct oh BBy RAtse] B0To| T Feeh TU8) LorveOnEegk J BAGD) |, veoRNP  bn
NNt enSTE Rz aSTL P O B2 fChvdiige | H08T T ' GVerREE ™| 4845 T1Y weak
7.71 weak 7.70 weak 4.73 weak 4,724 weak
7.03 | average | 7.01 average 4.55 weak 4.539 weak
6.50 | average | 6.49 | average 4.33 weak 4,338 weak
6.33 weak 6.33 weak 4.15 strong 4.150 strong
6.20 very 6.19 |veryweak| 4.12 weak 4114 weak
weak
5.87 average | 5.862 | average 3.95 average 3.941 average
574 | average | 5.738 | average 3.35 weak 3.349 weak

The invention relates to the crystalline tetrahydrate of the calcium salt of (S)-N-(1-carboxy-2-
methylprop-1-yl)-N-pentanoyi-N-[2"-(1H-tetrazol-5-yl)biphenyl-4-ylimethyl]-amine, a

crystalline solid which is clearly characterised by the data and parameters obtained from
single crystal X-ray analysis and X-ray powder patterns. An in-depth discussion of the
theory of the methods of single crystal X-ray diffraction and the definition of the evaluated
crystal data and the parameters may be found in Stout & Jensen, X-Ray Structure
Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1968) chapter 3.

The data and parameters of the single crystal X-ray structure determination for the
tetrahydrate of the calcium salt of valsartan are contained in Table 5.

Table 5§
Crystal data and parameters of the tetrahydrate of the calcium salt of valsartan

Crystal data

sum formula (C24 Hz NsO3) ¥ Ca? « 4 H,0
molecular mass 545.65

crystal colour colourless

crystal shape flat prisms



nunber of paraneters agreenent index (R) wei ghted agreenent |ndex1mw_lz‘§05
nmonoclinic P21 0.42.0.39. 0.17 mB a = 10. 127(2) A b = 8.596(2)

32.214(6) A a _900 13 = 95.34(3) Y= 90 Vc=2792. 1( 10)A 4 1160

7.47-16.50 1.298 (g cm3) 0.274 mm-1 Enraf Nonius CAN MbKa 0.71073

295 K 1.27-31.99 w/ 2 Q19384 / 1856212410268 1.7 % nuneric full matrix,

| east squares, F2 893 6.2 % 14.4%

crystal system monoclinic
space group P2,
size of the single crystal 0.42¢0.39+ 0.17 mm®
dimensions and angle of elementary cell a=10.127(2) A
b= 8.596(2) A
c=32.214(6) A
a=90°
B= 95.34(3)°
y =90°
volume of elementary celf Ve=2792.1(10) A®
number of molecules in the elementary cell 4
F (000) 1160
measurement range of cell parameters (©) 7.47-16.50°
calculated density 1.298 (gecm™)
linear absorption coefficient 0.274 mm ™!

X-ray measurement data

diffractometer ' Enraf Nonius CAD4
X-radiation { graphite monochromator ) MoKt

wavelength 0.71073
temperature 295 K

scan range (6) 1.27 -31.99°

scan mode w/i20

reflections collected/unique 19384 / 18562
number of significant reflections (1> 20(l) ) 10268

variation in intensity 1.7 %

absorption correction numeric

Structure refinement

method full matrix, least squares, F?
number of parameters 893
agreement index (R) 6.2 %

weighted agreement index (Rw) 14.4 %



1 0 JAN 2005 -13 S factor (Goodness of fit) nunber of reflections use&N
treatnent of all hydrogen atons in the nolecule, including in t he vt 2005
nol ecul es extinction correction maxi mum m ni num resi dual el ectron density

in conclusive difference-Fourier calculation absolute structure

parameters 1.085 18562 all found by di¥erence-Fourier calcul ation,

alnost all isotropically refined, a fewtheoretically fixed (riding) none
0.662/-0.495 (e A-3 ) 0.00 (4) Conputer progranmes used SHELXS 86

(Shel dri akfacfep{Gbodsts ot @B0) SHELXL 96 ( Shelydggsck, Gottingen, 1996 )
SCHAKAL 86 Kell er, Freiburg 1986) PLATON (Spek, Acta Cryst., 1990 ) The

el ement amygmber pf fedlegtiansiis@dby si x paraneters, 188881y by the grating

const ant ' gl e, K y. In
Ehi's vy ToRimehiE i aroBf sRing RARGXITealE, © g IaTR By Mefincs Fo, A

di f f er entinciitding wdbe migderironlectfles hese crystal paakuwiationsalingsi all isstropitadg | n
chapter 3 of Stout & Jensen (see above). The deft ails forhthetgc%ﬁt Qah drate
of the calcium salt of valsartan fromthe si ﬁ%l'rbe cNE‘?’éle ¥ ts,
especially the atomcoordinates, the isotropi(gdiagler mal paraneters, the
coordi nates of the hydrogen atons as well as the corresponding isotropic
ther mal FEPAYRNEPEEU R W t hat a nonoclinic el &RBRtary cel | exists, its

cel | conteném@bvrhinkiurh PdiIa eldirbs deabity Hal Sartesr- o.4osRQ.a0cprring as a
result of two crystallographic indeperident units on two-fold ‘positions.
conclusive difference-Fourier calculation

absolute structure parameters 0.00 (4)

Computer programmes used

SHELXS 86 ( Sheldrick, Géttingen, 1990 )
SHELXL 96 ( Shelidrick, Géttingen, 1996 )
SCHAKAL 86 ( Kelter, Freiburg 1986 )
PLATON ( Spek, Acta Cryst., 1990 )

The elementary cell is defined by six parameters, namely by the grating constants a, b and
¢, and by the axial angle, namely by a, B, und y. In this way, the volume of the elementary
cell V. is determined. A differentiated description of these crystal parameters is illustrated in
chapter 3 of Stout & Jensen (see above). The details for the tetrahydrate of the calcium
salt of valsartan from the single crystal measurements, especially the atom coordinates, the
isotropic thermal parameters, the coordinates of the hydrogen atoms as well as the
corresponding isotropic thermal parameters, show that a monoclinic elementary cell exists,
its cell content of four formula units Ca®* valsartan® * 4 H,0 occurring as a result of two

crystallographic independent units on two-fold positions.

Given the acentric space group P2, determined from the single crystal X-ray structure
determination, a racemate is ruled out. Thus the enantiomeric purity of the S-configuration
for the crystalline tetrahydrate of the calcium salt of (S)-N-(1-carboxy-2-methylprop-1-yl)-N-
pentanoyl-N-[2'-(1H-tetrazol-5-yl)biphenyl-4-yimethyl}-amine is verified.

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



G ven the acentric space group P21 determ ned fromthe single crys

o JN
structure determnation, a racemate is ruled out. Thus the enantici r a?jﬂs

purity of the S-configuration for the crystalline tetrahydrate of the
calciumsalt of (S)-N(1-carboxy-2-methylprop-1-yl)-N pentanoyl-N[2"-(1
H-tetrazol -5-yl ) bi phenyl -4-ylmethyl ] -amife- is verified. An essential
feature for the quality of a pure active substance both for the

physi cal -chem cal procedures such as drying, sieving, grinding, and in the
gal eni c Bﬁpﬁﬁﬁﬁ&rﬂg&ﬁﬁcaﬁ%‘icig%hﬁ fd wnt}rﬁki'négpo%e'séé, Wﬁf;raWhFaﬂon, in spray-
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avi 1 onnineAREGHERRATE Gl AFTR B M ARl B Sheiohe NTREAR vt er

i s w t hotdrmildatiohs, ihda and bedndvvater exwithput absbtantddduce daditBrexcipientsldediot watehe
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br ocess. 1§ 9Ada 6 e ProceRs Mass (orIERSRNS AsOsiR A NS despeciiv ©rmplaieRd 1 o
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of the different activity (partial vapour pressure). A clear

char act erathat lpag pefiodelime.glppending Sndb e tenreratwe aehadlifgrentsantiviér partial
measur e redetermned tine intervals and predeterm ned rel ative
hum di tg‘sﬁé?unr&q%ﬁljé% c vapour sorption (DVS-1 fromthe conpany Surface
Measur enent Systenms LTD, Marlow, Buckinghanshire, UK). Table 6 illustrates

th i h £ £ | funct i f
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1 ot I RentT oo (DY B e SaRipanh Sutiase MRasirement SHRMSATDA Mg hi s
sor pt i on piekingEarasRy UK), TAR6 §Ralstuicdths Yndss chARY, i.8. theYaterdonitRnhor 1ddae

tetrahydrate of the calciumsalt of valsartan under the conditions
enpl oyedas afHneliongfseiative humnidity et 8BiGafos aanampdeot 9.8 arg ghiheneisalydrate obthevi ew,

shows no P S. LS s 1:Si - a
arge oxeagn gt alRheh AR08 BENAROf nodSy Tod ibulie SIUE oralat iSus o
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at extrene values of relative humdity. This property is crucial in the
final stages of chem cal nmanufacture and also in practice in all galenic

process stages of the different Table 6

10
50 0 -0.01
60 10 0.00
70 20 0.00
80 30 0.00
20 40 0.00
80 50 0.00
70 60 0.01
60 70 0.00
50 8O -0.01
40 90 -0.02
30 0 -0.02
20 (starting value) 0.00




dosage forms. This exceptional stability simlarly benefits the pafiferdA 2005
through the constant availability of the active ingredient. The intrinsic

di ssolving rates of the calciumsalt of valsartan at pH 1, pH 4.5 and pH

6.8 show i nproved val ues over those of val sartan. The excepti onal

stability of the calciumsalt of val sart, especially the tetrahydrate
thereof, towards water may al so be shown in stability tests. In these, the
wat er content of the tetrahydrate of the calciumsalt of val sartan renains
constant both in an open container and in a sealed anpoule after four

weeks at _40C and 75% rel ative hum dity. Oam ng to the advantageous

cryst al | iThetReasurerpent o |°[|Fﬁ'%&?@"O%Wmqusﬁdt%h?@ﬁqgﬁvmﬁa’veﬁ apotd Oebk,
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t he cal ci eq al. [ raje ther of ., IS Ies by 100%
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crystall i|rm;r;aﬂhled83boat mnﬂ:ﬂoumi saltdr ifyhly aystabétrucalrs ais taally iﬁdﬂﬂéf@ﬁ% watbr i n
particul ar the hexa o\r ate thélermal ehavi our , of th| s salt rate in
Phe 1 og 8 81 SRmALRhG! Ate SIORPHY S EHFBLD thira) s s

i nst abi | 'chﬁmlc-ghﬁahbﬁﬁm andalsd iApPadtibelfn QP@Q@Q@'&%&@S%%%‘%@W GffefRh

conditions. In the sealed gold specinmen_ container with an internal %ree

vol ume ofdogage M‘"Fﬂ dhisi wfee%ona\kmahthy simhpiveesetits the patiars drgughihacenstant

heating rgt Bty df th B -t, the nelting point of the hexahydrate of
t he magnesfaum sa te(# é<Wgarten is 132 1.5 Celsius and the nelting

enthalpy is 56 3 kJ'Ml' 1 0 JAN 2005 -16 '. The rrelting ent hal py which is

S gni 11 canBroy g ABpoBTes ot Faidfi el ot (Bich0ah Aen ot BERES By e <a

of val sashaw improzedwalties @vef thobe obvaltdrtanty of the newtype crystal grating
at around room tenperature. The optical rotation of the hexahydrate of the
magnesi um salt of valsartan in nethanol as a 1 %solution at 20C is [a]

20D = - The@xcéptinasstabiigrif ied cailbiam dHitrdAnvadarhs Sspetialy hReastsmyarab tﬁé}eof
hexahydrat e of the maanem um salt of valsartan in a potassium brom de

conpr ess&PVaTgp mater Isp Re sheYn iRl tgatst il Hipse. QB&rYtPée’eG%\‘%@éH‘q n
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(w): 11902 sealeg@mpgple afterdour weeks at @p°C aoeGSJo retgdige (rwmdlt?go - 960 (w); 960
- 920 (w); 920 - 700

Owing to the advantageous crystallinity of the calcium salt, especially the tetrahydrate

thereof, this salt is suitable for pressing directly to form corresponding tablet formulations.

In addition, an improved dissolving profile in a tablet can be assured. In studies of the
dissolving profile, it was established that the calcium salt, especially the tetrahydrate
thereof, is released by 100% from a film-coated tablet within 15 minutes.

Of the group of new-type crystaliine solids, a magnesium salt hydrate of valsartan is
preferred, in particular the hexahydrate. The thermal behaviour of this salt hydrate in the
region of the melting point shows a certain chemical and physical instability. The thermal
data are thus dependent on the measurement conditions. In the sealed gold specimen
container with an internal free volume of ca. 22 microlitres, with a sample of 2 to 4 mg and
with a heating rate of T, = 10 K' min™, the melting point of the hexahydrate of the

magnesium salt of valsarten is 132 + 1.5° Celsius and the melting enthalpy is 56 + 3 kJ'Mol’



(m; 700 - 590 (w); 590 - 550 (w). The intensities of the absorption bands
are indicated as follows: (w) = weak; (m = nmedium and (st) = st qc{gngN 7005
intensity. Measurenent of the infrared spectrumlikew se took place by

means of ATR-IR (Attenuated Total Reflection-Infrared Spectroscopy) using
the instrument Spektrum BX from Perkim~H ner Corp., Beaconsfield, Bucks,
Engl and. The hexahydrate of the magnesium salt of val sartan has the

foll owi ng absorption bands expressed in reciprocal wave nunbers (cni'):
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(st); 73%empbpaturéhe intensities of the absorption bands are indicated as
follows: (w) = weak; (m = nmedium and (st) = strong intensity. The npst
i nt ensi ve absorption bands of the ATR-IR spectroscopy are shown by the

fol | ow i ' ) :
5274 (m TG BLRRAoF B Aikahiralt OB SHURSRHTRAL 5 eliiph iy i i
(m); 13941% solution a720°0ns [o)fls (147, 1015 (w); 975 (w); 836 (n); 766 (st);

751 (m); 741 (st); 732 (st). The error margin for all absorption bands of
ATR-IRis 2 crn-1. The theoretical water content of the hexahydrate of the

nmagnesi UM aehburemenbSae tivtrares abdSplioepddituitofthe MleRhRRirk B! ﬁmg@sﬁlﬁﬁd on
t hernogravinetry-Fourier transformation- infrared-spectroscopy (TG FTIR,
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heat i ng ramddsthE sti@nffimtandty. Fr om t he

Measurement of the infrared spectrum likewise took place by means of ATR-IR (Attenuated
Total Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from
Perkin-Elmer Corp., Beaconsfield, Bucks, England.

The hexahydrate of the magnesium salt of valsartan has the following absorption bands
expressed in reciprocal wave numbers (cm™):

3378 (m); 3274 (m}); 2956 (m); 2871 (w); 2357 (w); 1684 (w); 1619 (st); 1557 (m); 1464 (m);
1419 (m); 1394 (st); 1374 (m); 1339 (w); 1319 (w); 1300 (w); 1288 (w); 1271 (w) 1255 (w);
1223 (w); 1210 (w); 1175 (m); 1140 (w); 1106 (w); 1047 {w); 1024 (w); 1015 (w); 1005 (w);
989 (w); 975 (w); 955 (w); 941 (w); 888 (w); 856 (w); 836 (m); 820 (w); 766 (st); 751 (m);
741 (st); 732 (st).

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

The most intensive absorption bands of the ATR-IR spectroscopy are shown by the
following values expressed in reciprocal wave numbers (cm™): 3378 (m); 3274 (m);



TG FTIR neasurenent, the correlation of the weight |Ioss is assured solely

by the release of water. Table 7 25 501.2 754.2 10011.0 12516.7 1§CD1§]AN 2005
17518. 3 20018.5 22518. 7 25018.9 275 119.3 1 0 JAN 2005 -18 The hexahydrate
of the magnesium salt of valsartan has a solubility in distilled water at
22C of 59 g per litre of solution for a¥H value of 9.3. The crystalline
form of the hexahydrate of the magnesiumsalt of valsartan is clearly
characterised by the interlattice plane intervals calculated fromthe |ines

in an X-r t T S L : Sy re
t he same 2??6?@@?185(% ffsg?qtmﬁ’e{%iﬂ@?é# r té1o [@gqggf??)uﬁzgpﬁ)sgp A
val sart arf§75Tw); 836r(af) 7@t Rat ok &4 é%ti/;i'?@ﬁ {(of). t he hexahydrate of the

magnesi um.salt of valsartan is. qbtain Nt interlattice plane
e val ohg ergr st 1874 Skanori B 3 ATHR s e Kehies  are §ndl cated with
the appropriate error limts: din [A]: 19.70.3, 10.10.2, 9.80.2, 7.280.1,

6.480.1, 6.000.1, 5.810.1, 5.680.1, 5.400.05, 5.22 0.05, 5.120.05,
5. 030. 05, The.tBewretical wategmontsnt oythedexgbydrate, ofdoe omanasioGamf valsadan iss,
3. 460. 05, 2 . i llq:lrbsd | i D = IL.ffraction
di agram s%?gtv‘f} t %gﬁ\%oa} ?%lé\%ﬁ%tr%@% at ts?égé)r anﬁiaanedr%rt%gwglb gﬁeréralﬁﬁ?f’ctr%ail{uﬁ
19. 70. 3, iffearéd-8pestragcgpy J,G-FTIEROF3 285rc8 hedsompmnEaN€tzschbG eaGitetti, GmbH,
met hod of checki ng t he

4. 880. 05,..4. 130. 05 080. Q5. 3. 0p, (Apreferre s

2bove | na ey and B Paus St ke rye P skmelRRUS measling the
weight loss and identifying the material component given up, using infrared spectroscopy
(release of water), the water content was determined at 18.5 %, conforming well with the
theoretical value. For the hexahydrate, this corresponds to a molar ratio of 5.8 = 0.2 mols

H.0 per mol magnesium salt.

Table 7 illustrates the water loss of the hexahydrate of the magnesium salt of valsartan
depending on temperature, using the weight loss measured in an N; atmosphere on a
thermogravimetric thermal analysis instrument for a heating rate of 10 K°min'. From the
TG-FTIR measurement, the correlation of the weight loss is assured solely by the release of

water.

Table 7

50 1.2

75 42

100 11.0
125 16.7
150 17.7
175 18.3
200 18.5
225 18.7
250 18.9
275 19.3




intervals and intensities neasured by experinentation from X-ray 10 JAN 2005
diffraction diagrans with a GQuinier canera, for a given substance,

consists in calculating these intervals and their intensities fromthe
conprehensive single crystal structure determ nation. This structure

determ nation yields cell constants and 1&-om positions, which enable the
X-ray diffraction diagramcorresponding to the solid to be cal cul ated by
means of conputer-aided cal culation nethods (programe CaRi ne

Crystal | g3, e a8L ol S TIGH DBa L EREEY soflpuf IR pefl ot oS8

data, nane erl e pra intervals an t1es 0 nost

| mpor t ant22PC beS59 Qfpdr litte bexaIOYsH fr @ pM viibe ofagnesi um sal t of val sartan,
obtained from neasurenents with the Guinier canera and from cal cul ati ng
the single crystal data, is illustrated in Table 8. Table 8 1 0 JAN 2005

-19 The iméwgggmé@ﬁt&m R biatd'bfihe Radratiutd ¥l SValdaRah G @By Sy at e of

t he magnesi

(S)-N-( 1cfaauabtglri9e¢bmﬂnmi}nlq5mweplqne)inmﬁcdnwylequnztﬁe(lmes in a? X-ray powder
cl ear |y SR THE BEEKb i TN RGOS ol Ble'Btalrels st Batilef he °

crystal Xetrahydemebfthescalohmmisak depdlbartirscussi on of the theory of the

nmet hods of single crystal X-ray diffraction and the definition of the
eval uated crystal data and the paraneters may be found in Stout & Jensen,

X-Ray St rmaet preferrededhardtidtnhtion of heexbhydiale dPhdIMaghsiutYisaltiohalctian iew
York, N. Y. (1968) chapter 3. The data and garameters of the single crystal

X-ray an&Plaited frop theteradliconlans ipigreals dawbengby.dn (ke illewingeavpragn vallesabl e

9. Tabl e .9 fHaksted witlie ARfoRidlRbAisief the hexahydrate of the nagnesium
salt of \?a sartan %ysta@da‘?% (%34H /N5 @3)2 Mgt + 6H20 sum formul a

nol ecul ad iWﬁé]SESBS;tQ;B, 100+0.2N9 83022, 7 2810y 6.4820; bl G0010. t.r581).1,5h $8e0.1,
crystal y&i.8MBs. 522 +0.05, 5.1220.05, 5.0340.05, 4.8810.05, 4.33+0.05, 4.22+0.05,
4.1810.05, 4.0810.05, 3.95+0.05, 3.4620.05, 3.42+0.05.

The most intensive reflections in the X-ray diffraction diagram show the following interlattice
plane intervais:

din[A]:19.710.3, 10.11£0.2, 9.820.2, 7.2810.1, 5.811+0.05, 5.68+0.05, 5.0310.05,
4.88+0.05, 4.18+0.05, 4.08+0.05, 3.46 +0.05.

A preferred method of checking the above-indicated average values of the interlattice plane
intervals and intensities measured by experimentation from X-ray diffraction diagrams with a
Guinier camera, for a given substance, consists in calculating these intervals and their
intensities from the comprehensive single crystal structure determination. This structure
determination yields cell constants and atom positions, which enable the X-ray diffraction
diagram corresponding to the solid to be calculated by means of computer-aided calculation
methods (programme CaRine Crystallography, Université de Compiggne, France). A
comparison of these data, namely the interlattice plane intervals and intensities of the most
important lines of the hexahydrate of the magnesium salt of valsartan, obtained from
measurements with the Guinier camera and from calculating the single crystal data, is
illustrated in Table 8.

Table 8



space group size of the single crystal dinensions and angle of el emgntJANY 7005
cell volune of elenentary cell nunber of nolecules in the elenentary cell

F (000) neasurenent range of cell paranmeters (0) calculated density linear
absorption coefficient X-ray nmeasurenent data diffractoneter X-radiation
(graphite nmonochromator) wavelength tem@®vrature scan range (8) scan node
refl ections coll ected/ uni que nunber of significant reflections (I > 2a(l) )
variation in intensity absorption correction colourless flat prisns

monocl i nre—£20=045 v : AR =A—e] =
10.275(2), A 8% ; _ % ) : . SN
TQ.? -very 19.66 |very strong| 5.12 weak 5.124 ”weak -
strong

10.11 | average | 10.09 | average 5.03 strong 5.032 |very strong

9.83 | average | 9.84 |verystrong| 4.88 strong 4.878 |very strong

7.28 | average | 7.27 average 433 | veryweak | 4.341 weak
6.48 weak 6.46 weak 422 weak 4.215 weak
6.00 weak 6.00 weak 4,18 average 4.181 average

5.81 average | 5.805 | average 4,08 average 4.079 average

5.68 | average | 5.676 strong 3.95 weak 3.946 weak

5.40 very 5.391 | veryweak | 3.46 average 3.463 average
weak

5.22 weak 5.217 weak 3.42 weak 3.428 weak

The invention relates in particular to the crystalline hexahydrate of the magnesium salt of
(8)-N-(1-carboxy-2-methylprop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yhbiphenyl-4-
yimethyl}-amine, a crystalline solid which is cleary characterised by the data and
parameters obtained from single crystal X-ray analysis. An in-depth discussion of the
theory of the methods of single crystal X-ray diffraction and the definition of the evaluated
crystal data and the parameters may be found in Stout & Jensen, X-Ray Structure
Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1968) chapter 3.

The data and parameters of the single crystal X-ray analysis for the magnesium-valsartan-

hexahydrate are given in Table 9.

Table 9
Crystal data and parameters of the hexahydrate of the magnesium salt of valsartan

Crystal data
sum formula ( 024 Ha7 Ng 03) > Mg 2, 6 Hgo
molecular mass 565.91



1208 2.82
0.71073 295 K 1.08 -

-11. 15 1.256 (gcm3) 0.114 nm-1 Enraf Nonius CAD4
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refinement nethod full matrix, |east squares,
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di fference- Fourier cal cul ati on absolute structure paraneters 243

13.8.%

final
10. 7%

agr eenent
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I’L. 001 5868
crystal colour

crystal shape

crystal system

space group

size of the single crystal

dimensions and angle of elementary cell

volume of elementary cell

number of molecules in the elementary cell
F (000)

measurement range of cell parameters (©)
calculated density

linear absorption coefficient

X-ray measurement data

diffractometer

X-radiation ( graphite monochromator }
wavelength
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Structure refinement
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monoclinic

c2

0.0130.50 » 0.108 mm®
a= 40.075(8) A
b= 7.400(1) A
c= 10.275(2) A
a= 90°

B= 100.85(3)°
y=90°
V.=2992.6(9) A®
4

1208
2.82-11.15°
1.256 (gecm™)
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majority according to the "riding'" nodel, nine Hatons from water JAN 2005
nol ecul es isotropically refined from difference-Fourier calculati &ru
0.00098 (10) 0.473/-0.614 (e A-3 ) 0.0(10) Computer programes used SHELXS
86 (Sheldrick, Gottingen, 1990) SHELXL 96 (Sheldrick, CGottingen, 1996)
SCHAKAL 86 (Keller, Freiburg 1986) PLATIN (Spek, Acta Cryst., 1990) The

el enmentary cell is defined by six paraneters, nanely by the grating
constants a, b and c, and by the axial angle, nanely by a, S, and y. In
this way, e vol the el enmentary cell is determ ned. A

di fferentquh &&0385’%5793%%n of these crystal piaér&éarreters Is illustrated in
chapter ZgpderémutdeXk (Fgnsen (see above). The dexzaPd s for the hexahydrate of
t he magnesi um galt of val ar%‘ag fromthe singl earigystal measur enent s,
especi al IWEIgNed 20EEMABINHER{Pws . the isotropi o &hét mal paraneters, the
coor di natesffr (6BSdMBEIAFHN atoms as wel | as tfggrorrespondi ng isotropic
thermal paraneters, show'that a nonoclinic el enentary cell exists, its
cel | contrembeset (eflectiepsyseth four fornul a uni t3868y 2+Vval sartan 6 H20 .

G ven 1 NRGfiMdof o R9GRg8A A2 et ef m ned frafhl DRoskl @ 1fié Rk X T ay

structure ermnatron,” a racemate is ruled o e enanti ric
purity of the S-configuration for the crystalrhogs, niexdkatdmatfemwvatene
magnesi um salt of valsartan is proved. 10 JAN 2q05 I 22 {I’abl 9 10,11 yustrates
the mass change, i.e. the water absorption or PYEMIGR] r?;aﬁ%[yirghne rom

relative humdity at 25C for a sanple of 9.5 rgfference-Fourier calculation
magnesi um val sart an- hexahydrate and for a peri&j aof 4 hours (h). The

fol | owi n@)eoB8LoFeHNUnges in relative hum di®9P%Bd18hown:  20-90: 90-0:
0-90;  90-HaduRYRinin{EmhEsHGh teYectrbAiefsifint el atd. 3 hugrb el tpe A2 ¥

final difference-Fourier calculation

absolute structure parameters 0.0(10)

Computer programmes used

SHELXS 86 (Sheldrick, Géttingen, 1990)
SHELXL 96 (Sheldrick, Gottingen, 1996}
SCHAKAL 86 (Keller, Freiburg 1986)
PLATON (Spek, Acta Cryst., 1990}

The elementary cell is defined by six parameters, namely by the grating constants a, b and
¢, and by the axial angle, namely by a, B, und y. In this way, the volume of the elementary
cell V. is determined. A differentiated description of these crystal parameters is illustrated in
chapter 3 of Stout & Jensen (see above).

The details for the hexahydrate of the magnesium salt of valsartan from the single crystal
measurements, especially the atom coordinates, the isotropic thermal parameters, the
coordinates of the hydrogen atoms as well as the corresponding isotropic thermali
parameters, show that a monoclinic elementary cell exists, its cell content occurring from

four formula units Mg # Valsartan » 6 H,0 .

Given the acentric space group C2 determined from the single crystal X-ray structure
determination, a racemate is ruled out. Thus the enantiomeric purity of the S-configuration
for the crystalline hexahydrate of the magnesium salt of valsartan is proved.



10 9. 06-0.12 500. 140-4.3 600. 1910-0. 79 700. 2520-0. 14 800. 4130-0. 0? ]

900. 58400. 02 800. 32500. 09 700. 22600. 14 600. 14700. 20 500. 08800. 28 10 JAN 2005
400. 16900. 51 30-0.030-3.68 20-0.07(starting value)-0.01 The measurenent
error of this sorption nethod based on thernogravinetry is about 0.1 %
Therefore, the hexahydrate of the magnesZaim salt of val sartan under the
conditions enployed, which are realistic froma pharnmaceutical -gal enic

poi nt of view, shows weak, reproducible water absorption or water loss in
a range of 20 to 80%relative humdity. This 1is surprising to a |arge
extent, since the hexahydrate, which has incorporated about 19% bound

wat er i n Tabée t0 fisstadtes thermass ehaméesmblvgatmmmiomor fosk @aselinelidnesf even

at extrene ues,. of | |ve hu and is relativ e ive at an
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choi ce of the best dosage forns he patients. 1 0 JAN 2005 *-23 The
except i orf@-9% O8H7;10-29; QS’[‘O f/hEe|ﬁ‘fB[§ﬁlél§“GW salt of valsartan, especially the
hexahydrate thereof, towards water may al so be shown in stability tests In

t hese, the water content of the hexahydrate of the magnesiumsalt of
val sartan remal ns constant both in an TarhmfﬂOcont ainer and in a sealed

anpoul e @&
advant age {g"
hexahydriat € ) rm
Cor r es poaglis d LSRR T CEEL T g
profilelfin a t%{bl et can be asg@tﬁed I n 4t udi ed0of the d| sso10v12‘ng profl l e,
It was egstatt |§dleu that—tte rrgqr&em unT sarts edee(,i aty—tte ng&gnyur ate

60 0.19 10 -0.79

70 0.25 20 -0.14

80 0.41 30 -0.05

g0 0.58 40 0.02

80 0.32 50 0.09

70 0.22 60 0.14

60 0.14 70 0.20

50 0.08 80 0.28

40 0.16 20 0.51

30 -0.03 0 -3.68

20 -0.07 (starting value) -0.01

The measurement error of this sorption method based on thermogravimetry is about 0.1%.
Therefore, the hexahydrate of the magnesium salt of valsartan under the conditions
employed, which are realistic from a pharmaceutical-galenic point of view, shows weak,
reproducible water absorption or water loss in a range of 20 to 80% relative humidity. This
is surprising to a large extent, since the hexahydrate, which has incorporated about 19%
bound water in the crystal structure, reversibly absorbs or releases water even at extreme
values of relative humidity and is relatively insensitive at an average range of relative
humidity. This characteristic enables an uncomplicated physical-chemical process to be
developed and allows a choice of the best dosage forms for the patients.



thereof, is released by 100% froma filmcoated tablet within 15 gr g@ 2005
In addition, the nmagnesium salt of val sartan, especially the hexah} J

t hereof, shows an advantageous conpression hardness profile.
CaIC|un1nagneS|un1n1xed salts of valsartan al so have advant ageous
properties, for exanple unlforn1crysta1:%bnglonerates may be produced.
These may be advantageously wused in the galenic fornulation. The intrinsic
di ssolving rates of the di-potassiumsalt of valsartan at pH 1, pH 4.5 and
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solvent in which the resulting salt has only poor solubility. A further
variant for salt crystallisation consists in concentrating the 1 0 JAN 2005
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used in the galenic formulation.

The intrinsic dissolving rates of the di-potassium salt of valsartan at pH 1, pH 4.5 and pH
6.8 show improved values over those of valsartan.

A further object of the invention is the preparation of the salts according to the invention.

The salts according to the invention, including amorphous or crystalline forms thereof, may
be prepared as follows:

To form the salt, the process is carried out in a solvent system, in which the two reactants,
namely the acid vaisartan and the respective base, are sufficiently soluble. It is expedient
to use a solvent or solvent mixture, in which the resulting salt is only slightly soluble or not
soluble at all, in order to achieve crystallisation or precipitation. One variant for the salt
according to the invention would be to use a solvent in which this salt is very soluble, and to
subsequently add an anti-solvent to this solution, that is a solvent in which the resulting salt
has only poor solubility. A further variant for salt crystallisation consists in concentrating the



(i) valsartan and the appropriate base are brought to a reaction in
preferably water- containing, organic solvent, (ii) the sol vent syquhUAH 2005
concentrated, for exanple by heating, if necessary under reduced pressure
and by seeding with seeding crystals or by slowy evaporating, e.g. at
roomtenperature, then crystallisation-& -precipitationis initiated and
(iii1) the salt obtained is isolated. In the dissolving and crystallising
process, the water-containing, organic solvent system enployed is

advant ag or
Ayl - pEe Eptch, SorCtt e B AT e My el FRIAER prodilte i ol
crystal I |esapdrahngaﬁmmnt @.g. |ca1mmm|tergp¢l§at1rra,tm§)ylseedimgrvamtdaela&dﬂdaonmft hat (i)
val sartan_and t e bas ed.t con ai ning organic
sol vent - Sefaing enitE G Blise g BN stietralid 1 iRkte 15 Bac | ng, °i |
necessary under reduced pressure or by slowly evaporati ng, e.g. at room
terrperature EYI 1) the residue of evaporation is %{ggl librated with the

requi r ed 1RRAGA enisithakmay bgsed grejiekesepple-OsCyalkangls pasfgratly ethanplanddue of
evapor at I.éyarqdeﬁsbp BsiwbIRAEGNERdRRYKbINESE) B rlefev*@whcaaﬁ? %ﬁa Shixtufddl thbre%?mtﬁ' ns

some water, 1'n an appropriate sgk?vent or by equi rating the water
excess ||W8¢l¢Te sol vent; whereby in a) and b) the existing or added water is
present in a quantity in which the water dissolves in the organic sol vent
and does not form an additional phase; and (iv) the salt obtained is

i sol at ed ThélamtisalVards forsatttoeystalisaton maytbes foaeleample rﬂaatfﬂlkggniunmmispedmlyvent

advant ageous ses m xtures of swta a ch a

& Ol b 2REPRNIE RSP I s AN AU ASRHC PRt oo 01 apertoy 51
equi | i br ao ﬂfpyl Scethiel dieemmlékyl)aéth&%t @cmﬂénasut%éﬂ?yléﬂheaﬂ@nhé?rﬁfobé)xy| ic
aci d- C1- C7- aI Iester Eem ally ethyl acetate, or a ketone such as

di - C1- C5tetéfﬂ1h¥97qgé'?8n%” @S‘ e@i"éf‘?? %E?IB%PBW &gYaNe BF BRRtaRe-pr ocess i s
not able for exanple for its high yields and outstanding reproducibility.
When producing the nono-al kali nmetal salts according to the present

i nvent i o0 preduaediidraias,| 3/dissalyipg end cryskalisingr proegssds neeld ingrartitidaropha waternd,

the di-al, kaline earth netal salts of the present
i nventi onbrar*ﬁ%/raa é@llygt%ﬂis% A g ?én crystalline

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, then crystallisation or precipitation is initiated and

(i} the salt obtained is isolated.

In the dissolving and crystallising process, the water-containing, organic solvent system
employed is advantageously a mixtures of alcohols, such as ethanol, and water, or or alkyl-
nitrile, especially acetonitrile, and water.

The equilibrating crystallisation process for producing hydrates is characterised in that

() valsartan and the appropriate base are added to a water-containing organic solvent,
(il  the solvent is concentrated, for example by heating, if necessary under reduced
pressure or by slowly evaporating, e.g. at room temperature,

(i)  the residue of evaporation is equilibrated with the required amount of water by



formand are in the formof hydrates throughout, from appropriate s Vﬁgh
that are conventionally used in production processes, such as este 92005
C, - Cr-al kanecarboxylic acid-C -C, -al kylesters, especially ethyl acetate,
ket ones, e.g. di-C, -C5-al kyl ketones, especially acetone,
C3- C7-alkylnitriles, especially acetonitdb4ie, or ethers, e.g.

-(C1-C5-al kyl) - et hers, such as tert. -butyl met hyl et her, al so
tet rahydr of uran, m xtures of solvents. usi ng. the dissolving and
crystallig{n i n SS,
thedef i 12k %”Séé*fff?a SRR E e M%ﬁéé@%fﬁ% Al e an bR
fornmns, raWcMamlstsameaMateem anlappﬂmlpylateTsmdqut eparation of the hydrat e-free

bi s-di al a ni alts of the pres | nve ntion is advantageously

ot T oot ot (bh > OHeuiBiRo e Rater BoBisTREM pUPERTL! vont Swhrah | s oot onal 1y

m xed W tvb'he@ébﬁﬁtd)%ﬂh\b?me eXigtinghdraiddey waténis prdskhnifl aSqbdntityainavHidt feRader 1 O
JAN 2005 -26- As a rule, the amno acid salts of the present invention are

obt ai ned q‘%@h[#ﬁr"bﬂ‘@dﬁ’%@? ﬁpiveqir@dﬁ%é@é%m%ra%m%ghw @8dare |ikew se
obj ects qf\, t RRe Qé@@@@heﬂl}é/%maltaﬁ These salts or salt hydrates according to
t he |nvent on are obtained for exanple by neutralising the acid valsartan
with a base corresponding to the respective cation. This neutralisation is
sui tably f f n i e of water
and a soeonelf sistef Uodf 48 MEwaRS cdBtaifinorgaflic Wt Rivuflebl s, O WL
weaker baseprisesniieres ahgaitabielaicobols,ciuch rs Gt sallkkaridis respycibityegthamg, and h
stronger bases or by treating with acids and then neutralising wth other

bases. Ballisation, especially of the alkaline earth salt hydrates, is
ef f ect ed in water or an aqueous nmedi um which consists of water and at
| east one solvent that is mscible or partially mscible with water, i.e.

not too_r¥heRRIPEAAte Sokjentar agWibTaNorsls T GXamBleraMm BFEr SuasG)-Crakeptnol
| sopr opanalpodid asdlo, AICkRRRer, BRI By bedigleoBa k@ﬁ%%gbftw B oo, R

DMSO. The al k noI portl on ampbunts to about to 90
advant agedtydiejorsg especidyaceipngol ume. For hi gher al kanol's, the |ess polar
sol vent may al so be present in |ower concentrations. Omng to the
restricted water-solubility of valsartan, the process frequently takes
pl ace i n Besppilbraiios, processfis vethblerfonexanpie tdrutsihigh yieldhand tduéstarsiihy ent
conponent r-oﬂ {:"b' olution. In one enbodi nent, for exanple to produce the
cal ci um §g‘?t SVl sartan, an aqueous solution of valsartan is neutralised
with a cal cium hydroxi de sol uti on at roomtenperature and the solution is
left to st al rocedure, stallisation is effected
%Men prodlucmg the mong ﬁ( §al Qa!ts accord%g to tt¥ presenlslnventlon
predominantly amorphous forms are obtained. On the other hand, the di-alkali metal salts
and alkaline earth metal salts of the present invention may alsc be obtained in crystalline
form and are in the form of hydrates throughout, from appropriate solvents that are
conventionally used in production processes, such as esters, e.g. C,-C;-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
using the dissolving and crystailising process, or the water-equilibrating crystallisation
process, the defined hydrates, which are present in crystalline and in polymorphous forms,

may be obtained reproducibly.

The preparation of the hydrate-free bis-dialkylammonium salts of the present invention is
advantageously effected in one step by using an appropriate solvent which is optionally
mixed with an antisolvent, In this way, crystalline salts are cbtained.



froma solvent m xture of water/ethanol, the ethanol proportion am)]ub‘ntjw 2005
to ca. 30 to 50% by volunme. In an especially preferred form AR
crystallisation is effected in a closed systemby transporting through a

| ow tenperature gradient (especially 1-2C at 40C) in 30% by vol une of
ethanol. In a preferred variant, crystald6sation nmay be optinm sed, e.g.

accel erated, by adding at |east one seed crystal. The salts according to
the invention may be used e.g. in the form of pharnmaceuti cal preparations,
whi ch cor)%a% ARV I

anount 1 %I\%’g@%gﬁ{"&%g%?gfplﬁﬁe@g@?|p\%e£ghgg?§thég§6?§méncgﬁA;N ?rg &ﬁer with a
phar maceutically acceptable carrier, for exanple with an inorganic or

or 98 i o o8 hrGhb Yot kb e RN AP LB beniic P ' ©

adm ni strati on The i nvent ion relates in particular to a phar maceut i cal
corrp05|t|on IpeC|a in a solid dgsage unit, pref

for
oo 1 Here sal o salh koS apertian 16 e veniniate BRGNAcIPT Sxaraple Syt ho! o

carrier. rPd&ﬁé%ﬂhte'a@d vASARA itH 28as@torrédponliingdo ﬂ?éhe'@?eéiﬁ@%afl@ﬁ exiamp! e
for the prophylaxis and treatnent of diseases Or conditions which may be

i nhi bi t edebiralisalienisgpiteRly effecteddn @ptasiuepus megdivmva. @ A water i 8emigture ghwiter on
sel ected rt

Fai 1 ur o, Ao BHRnSRRSHaA I iR cdito WHRRH e, [hits SARORSEY Bl e
per cut aneoaysbé cm\mlrbemmﬂalotfmt@ah@brﬂmnby teeating adthestropger befses or by treating/with t er y
bypass surggery.,.(b) atheroscl.erosi dnsulin resistance and syndrone X,

di abet es aﬁ&slaf/r}ddée% 5‘ét 'Sm@b‘%@]? ??b?i'?ﬁhropat hy, renal failure, e.g.
chronic renal failure, hypothyroidism survival post rryocar dial infarction

(M), coronary heart dis s?s, Q%erten i on | t he el fam i al

yst 1 pf admraalisalon, BrRaAlY o fa AKABeAAHAMYPEIeG S AT ENaR 1481 s, and
renodel i nghueb@d hidwiung W@%&%ﬁb‘ﬁé @rrwéteﬂﬁh@éﬂbaw@tgowwfﬁamt mikibld 6r

conmbi nation), all these diseases or conditions associated with or w thout

hyper t endiasially ndscildp gdthratea . eo@@ft%afmﬁﬁ'am g &t alkpndl sueh Ay methanesi on, (d)
hyperl i p'e‘iﬁéﬁo@ Y, |1écﬁ)8&5§l'k§?'ﬂ?fé}\cﬁ »acsl r et I){i/*éf&lzrl Ketdf ace fonitrile, DMF,

hyper chol ester em a, auconma. ages are the

t r eat nentDMEOh i Tdle aﬂkamﬂpmlee amosintertd aboutjEdto 9& dnéarte 70a¢dwmnageags!y 30 to
50% 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 ethanol proportion amounting to ca. 30 to 50%
by volume. In an especially preferred form, crystallisation is effected in a closed system by
transporting through a low temperature gradient (especially 1-2°C at 40°C) in 30% by
volume of ethanol.

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

The salts according to the invention may be used e.g. in the form of pharmaceutical
preparations, which contain the active substance e.g. in a therapeutically effective amount



wel | as post-nyocardial infarction. The person skilled in the pertinqANuﬁm5
Is fully enabled to select a relevant and standard animl test nodel to
prove the herei nbefore and hereinafter indicated therapeutic indications
and beneficial effects. The pharnaceutical activities as effected by

admi ni stration of representatives of the?kalts of the present invention or
of the conbination of active agents used according to the present 10 JAN
2095 -28 invention can be denonstrated e.g. by using correspondi ng

phar macol in
Phe. por t i ans auivBRiBsEni ifonsl (60FNERk ApRmRicauicdl AR e AR el ™hr 1o

t o prove examphkewith abafaganiandotganis; adfdwropmqnmlyai@dlqumlmmceldrcany

exanpl ¢, Aeonanar e Gen i voiESledtor SR 8ol 8 PueBly it ¢ o
al. in J. Cardovasc. Pharmacol. 27:347-354, 1996. For exarrple t he val uabl e

otential_of the salts qr conbjnati ops of the present invention for the
br event | oIMedRYENTIoR A¢ ASRcN BAMIGYIBE i & PRATAfReNHCal ComPRSITh ESPeRAlY & TYdt he

fol | ow ngdsg éunl'ffﬁ‘ﬁ@ﬂerab‘ﬁ} Wbrﬂ%hﬁﬂsﬂrﬂldnhéptﬁdég)’tdg@trﬁ?vﬁﬁﬁrafﬁl‘fd?ﬁﬂcetﬂl%%w\”e”t
coronary arter occlusion (CAO in rats is use a nodel of acute

nyocar di @CCBMﬁéHGcﬁaFféﬁi The experinents are carried out with 5 treatment
groups characterized by follow ng features: sham operated aninals CAO +
vehicle CAO + a salt according to the present invention, optionally CAO
+ a salt I%tmmaddauﬁyatpzrepmatipmsaefeihts Kima emaly iberused doroaxatyipheator the mpbylaxis abdr i ng

vor ume et Rihe SRk O Ry BB P HaF Ba gt Rt g A TGRS o

myocar di wkam@@--1 and COL-111 protein content in spared LV myocardi um by
West ern blg,t cardi 81’%0 tes Cross-sectional, ar ea% and length in sections
of LV nydcHPeASERT copriy lesteddram e gRYP Sensisting P

P'and al dost er one
(a) hypertension, congestive heart failure, renal failure, especially chronic renal failure,

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

{b) atherosclerosis, insulin resistance and syndrome X, diabetes mellitus type 2, obesity,
nephropathy, renat 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;

(¢) endothelial dysfunction with or without hypertension,

(d) hyperlipidemia, hyperipoproteinemia, 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.

The person skilled in the pertinent art is fully enabled to select a relevant and standard
animal test model to prove the hereinbefore and hereinafter indicated therapeutic

indications and beneficial effects.

The pharmaceutical activities as effected by administration of representatives of the salts of
the present invention or of the combination of active agents used according to the present



urine concentration of sodium potassium and al dosterone bl ood pressure

in conscious animals LV and carotid bl ood pressure in anesthetize JAN 7005
animals. Methodology 1 0 JAN 2005 -29 Infarct size: Six pmthick t aunsverse
hi stol ogi cal sections of the left ventricle are stained wth nitroblue
tetrazoliumand acquired by a BAN XC- 77@8 CCD vi deo camera (Sony). The
resulting image i s processed on a KS 300 i nage anal ysis system (Carl Zeiss
Vision) using a software specifically devel oped (Porzio et al., 1995). A

si ngl e ORRJALGH ba%ﬁ]ohetrétbeaetg%gtusmgﬂé&rﬁ maﬁé ﬁhgﬁ{aceﬁ@éamoeerm%hes

of the interventricular se ptum i nfa cte area on “each section is
sem aut onrathecwﬂmqent adantiihe; msrassmllml iathepertinem s fldly enebleditoskelect ai ssue.

The sof té\?{'sec | al %ét(ﬁ%ée\{ td’ gllo?/? 1 ﬁ%re rpg)réfo?g(énd %BFE?r?A?F‘e ar C{at%ﬁ'gleé%{)eutlc

ventricul" efinhed a ptum

i nf ar ct ednhdidativas hnd beneficidll effecld, waII a set of georretrl Cc paraneters
(Porzio et al., 1995). Histol ogy: Hearts are fixed in situ, by retrograde
perfusion with buffered 4% formal dehyde after arrest in diastole by W

i nj ecti orhake BePeididlClecidaf! fof eXxampRNbe Hbmohgféteaﬁnm'tééten&déf’)as Adloskhe
free wall of the ri ?ht ventricle are separ at el hed; LV |onger dianeter

i s measub¥d®- Jeremicet ahin prardpvase Bhamenob 27 c@ﬁ“oﬂgg%r e stained with
hemat oxylin & eosin for qualitative exam nation and to quantify

cardi onyocytes cross-sectional area with a sem -automated inage anal ysis
routi ne. Honexamsplet thal vahusbleagetantia ob the salis or sombinationsvefl the peatephingentiansfor ed

L L KPS B

and el ectroblotted onto nitrocellul ose nmenbrane. The bl ots are exposed to
primary anti bodies, i.e. rabbit anti-rat collagen type | or type III

ant i serug &&ﬁmﬂcon). The primary anti bodi es are recogni zed by secondary
ant i bodi ted to al kal i ne phosphatase (for colagen type |) or

pﬁr %); I dasme the(stody mgenpéfgrmed| pgrmaneht corendny iatte hescobsim@AQ)dh lmitells Lséd as
ixeq 1 n o BoBR ot Refif aBiotarid nAuPE, rheRkb8TbaMs afk oAl ERbAL Gy RarehuBE o

LV end- digeups dhergsterizediy. following féadunesd is inserted into the LV to neasure
LV i nner .lsga@tdberatél@nimhagsver se dianeters of the LV chanber are neasured
intw 1l-mmthick transverse sections near to the base and the apex of the

ventricl @ GARFaRNiCleet al ., 1996). The chanber
* CAO + a salt according to the present invention,

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

During the study following variables are measured:

* infarct size

* LV chamber volume

» interstitial and perivascular collagen density in spared LV myocardium

» COL-l and COL-ll protein content in spared LV myocardium by Western blot
» cardiomyocytes cross-sectional area and length in sections of LV myocardium
* plasma concentrations of renin and aldosterone

* urine concentration of sodium, potassium and aldosterone

* blood pressure in conscious animals

* LV and carotid blood pressure in anesthetized animals.

Methodology



volune is conputed froman equation integrating transverse dianeters and
inner length. 1 0 JAN 2005 -30 System c and Left ventricul ar hemd?”@gﬂéﬁ‘f:2005
A mcrotip pressure transducer (MIlar SPC 320) connected to a reco
(Wndograf, Gould Electronics) is inserted into the right carotid artery

to record systolic and diastolic blood -#%ssures. The pressure transducer

Is advanced into the LV to neasure LV systolic (LVSP) and end-di astolic
(LVEDP) pressures, the first derivative of LV pressure over time (+dP/dt)

and hear tlnfa?étesizé\bgtx éWF#’év@Ps% Iﬁét‘aﬁ ecﬁ\éﬁé ?t he. 1% 9%@@%%3? Etlra%e%nd

heart rate are rreasu efi Ca
consci ouswthatuﬁoblmb temzellmtand lagyeisad thoa Bm'eec -7REESC@De&/idenddanetd dB8ony)hauaed

in rretaboll es and 24-h . urin Ject n.1n H 6. . ter intake
0 Menaurewiing Magesnpwehsrec i e ® ingerneRiis syitom (il gsist Yl ary o
(Vari an) gofRRRY sHRfichly bﬂe@)deﬂRPérﬂid efdi81 95(?901\ sing@cheratBbifRUS ‘tr%ﬁiment

col um, Jones Chromat ography) and quantified with an el ectrochem cal
det ect or itaxmslivindefinas thegayndatssd dles intasventricularisspiym, Mmdatbednfaradediateasn

al dost er Qney, <BAbARL ?iﬁ%@@ﬁé@&‘ﬂ%ﬁie@hﬂéd S geaf&gé ] ﬁgal\%ﬁ Qeri EﬁlgL{O %:Sé.le. The

radi ol munoassays n-an n |o ensin il
Di agnost |so§‘)varewutnmaﬂmlﬁylm1calaﬂeqoht aach comparent Ubﬂlmmead'lchlarfsbanmedeﬂned as

phot ometry. Sa ze 10 animal s .anal le in ea eat oups are
DUFTF ot ere PRARTreagPtBo MO E Bt 316, 1SRGed F L afal aor Pt h Vo ey 8 o o” it
an i nf ar geofrett giframbetdre gRdrzibQanf 194989, LV section area are [ ncI uded in the
final analysis. Endothelial dysfunction is being acknow edged as a critical

factor in vascul ar di seases. The endothelium plays a binodal role as the

source ofy %EA%SHEQ{MB%@B% 8, B&Q%édé"béﬁhsn&i)ﬁﬁﬁ bUHel%Ef@Ptférmalclehyde

vasodi | ation vasoconstriction ition or pronotion of
fi bri nol yétesamesttimdiasteda by be.i isjectiomoef (% I\UﬁbeAflamtﬁuatmn thanleft \{entrurie @v3 and

vt unct e B0 of i B PER B SR BV EGnRE T ioPad SrrERLE Meptdeo
car di ovasdihlsacalipber B yistdiogicallsetiiais ate staimsd wmmemamh?lrre&teesmz!edqwtatwr
exanpl e, | nchagsed ax I dat i e stress, causin gdecreased. nitric¢c oxide

i ncr ease@*PRINRYPE aPAR AV Yﬁa@@é@{ﬂcﬁe?&?‘*&%eﬂ'%ﬁ' ABA Wit a Sey aH‘é’ma‘ed

pl asn nogaagaahalyas rdiginen mtbistigdl cbllddeN debbsitibh #5L¢ i aclwited d)Sirids regue
pl asm nogen activator  (tPA), increased adhesion nolecul es such as | CAM and

VCAM i nSHiNRELYPBRWRh @ jrautomajed KRpgs analysis routine (Masson et af., 1998).

Collagen content in LV spared myocardium: LV tissue in the spared myocardium is
homogenized, subjected to PAGE-SDS electrophoresis and electroblotted onto
nitrocellulose membrane. The blots are exposed to primary antibodies, i.e. rabbit anti-rat
collagen type | or type !l antiserum (Chemicon). The primary antibodies are recognized by
secondary antibodies conjugated to alkaline phosphatase (for colagen type 1) or peroxidase
{(collagen type lll).

Left ventricular chamber volume: LV chamber volume is determined in hearts arrested in
diastole (KC!) 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.
The transverse diameters of the LV chamber are measured in two 1-mm thick transverse
sections near to the base and the apex of the ventricle (Jeremic et al., 1996). The chamber

volume is computed from an equation integrating transverse diameters and inner length.



-31 such as bFGF, TGFb, PDGF, VEGF, all factors causing cell growth
inflammation and fibrosis. The treatnment e.g. of endothelian dysfqlrl}:tJANnZ[][]ﬁ
can be denonstrated in the followi ng pharnacol ogical test: Mterial and
met hods Mal e 20-24 week-old SHR, purchased from RCC Ldt (Fullingsdorf,
Switzerland), are maintained in a tenpé&lature- and |ight-controlled room
with free access to rat chow (Nafag 9331, Gossau, Switzerland) and tap
water. The experinent is performed in accordance wth the NH guidelines
and approved by the Canton Veteri nary office (Bew 161, Kantonal es

Vet er i naS¥gtemiciansk Laft vesiricular hampdynamics angn@r@lptme%ﬁ%tramvedvcehwlm
synt hesi $pg. Qm)mohﬁéctba wwﬁeééamlﬁasgvaﬁ %oﬁ)m E Bh@&ﬁ? %ehed GHith frd

wat er (50& weeks. avera? ose ME cal cu at ed
fromthe® erar@ahf@dﬁ%rdvﬁa§totc an%&fas&/"e C(qdamg@'suzeq Ehezpr)essmnéra*ﬁfigcqmm be

di vi ded iaB{4hcedIhtoInE LYUB FeddlRIDY %yst@ﬁH‘G_WP)(a'ﬂd'en% Hastdifd) (LVEDM Rreasufess al t
according to the. prese i nvention f or testl ng conbi nati ons

G oup 3, Mebsbis @f"b%og'avpﬁeeﬁsuf%o“e’é'"ﬁ (“'QB?dt) qffth%Prrbb"ée -are admi nistered in
drinking fluid. The pressure effect of Ang Il at 1 ng/kg obtained in
control s pornotensiye rats c e.r ce after eat t W th a t
Secor di ndePGRvREVR plad Bless B, Bisoflpgapeisiitand FEHGRE afasrefby me
nmeasur ed tavaufymetel. (L&jcst K 500D inedngni@ssatse and heart rate are recorded
by tail cuff plethysnography 3 and 2 weeks before starting the study and at

2 weeks after drug admnistration. Uine is collected over a 24 hour
peri od f Usinerelectridytes, harmooes: Ratd are(imdivicduallyi rmpsedgemetdbelime@eslmfdcﬂeh

starting uﬁﬁ@@{:ﬁ&fﬁd &P‘i’ tHdWSW%t faké id ﬁé?é{%&' ”E{mg%é‘é%a%

proteln creatl ni ne, |um and pot assi um ermnati on using s

| abor at oﬁyffﬂ@@fﬂl@dﬁonﬂl@lu! frassalvens (Varipa), ﬁ@@afalﬂddUd*BleﬁMw &BéBwB vm:lr awn
from theghgi, S%m%]rpglyﬁléél &W%oﬁ@@&hmﬂ&é?ﬁk &Ja‘?ﬁ’iﬁé iR anNa” and K

assays. Ten rats from eac !R‘}P' are sacr weeks for collection
of ki dney'esHRCTHIY Cto’r@ﬁ e Ik &SALAGPlds ?%" efl"Ffe 1P8hai Pipsrga pad e e
sacrifi C%ﬂio@ferdr?e \éﬂ@ ltasntasbiaensindl :E'd@fb%‘nne\ﬂemg'hépe'cﬁlcrr@@i@frrﬂﬁﬁ’noa-g% nal
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study) a %ﬁ'(zef?@%fﬂ" ‘“gieg'ﬁi&?f's' O'EBéChpgr '39'&% %’é’ﬂl@ ﬁPﬁQP?aéﬁ‘“Hy
radi oi mmaromeasyred by ligmandpPhbtoostrya- count al doster one RI A kit (Buhl mann,
Sw tzerland).

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

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

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

Endothelial disfunction is characterized by, for example, increased oxidative stress, causing
decreased nitric oxide, increased factors involved in coagulation or fibrinolysis such as
plasminogen activating inhibitor-1 (PAI-1), tissue factor (TF), tissue plasminogen activator
(tPA), increased adhesion molecules such as JCAM and VCAM, increased growth factors



Statistical analysis: Al data are expressed as nean SEM StatiStij?UAN 2005
analysis is perforned using a one-way ANOVA, followed by a Duncan4

mul tiple range test and a Newman-Keul s test, 7for conparison between the
different groups. Results with a probability value of |less than 0.05 are
deened statistically significant. An inptovenment of regression of
artherosclerosis wthout effecting the serumlipid |levels can, for
exanpl e, be denonstrated by using the ani mal nodel as disclosed by H Kano
el ool IslcRLOBREE TRIFLAPACE, UELHS| AGLoBROCAHY BRI GdrRRAGPehd 414- 419
(1999). That the salts or conbinations accorgl g to the present 1nvention
can be udibtpsisvr the regression of a chol esterol diet-induced

at heroscl erosis, can be denonstrated using the test nodel described, e.g.,
by C. Jiang et al. in Br. J. Pharmacol. (1991), 104, 1033-1037. That the
sal ts or Thertsatatniong. cfamaothietign tesfuhetiqn eseid démyesitaterhinahe fdlewirged f or
the treatnent ?f.r?nal_failure, especially chronic renal failure, can be
denonst r @AY t est nodel described, e.g., by D. Cohen et al. in
Journal of Cardiovascul ar Pharnmacol ogy, 32: 87-95 (1998). The present

phar maceuti cal preparations which, if so desired, may contain further
pharnacoﬂ@ﬁ?@ﬁﬁmﬂr@8PP¢% subst ances, are prepared in a manner known per se,
for exa f ' = i I Qg |

A B p e e s T
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th dycti f..ph t.i cal ' ially f .

o ooy STy AT el oBiFRARL: ALrats SELECHE MniPt NS,
be i nhi biigiasitd?\L-hAMEKSIHNd BaeMicals) admimbler0R dridRing ¥&edt(80 mdM FraIwebages
are for the treatnent of hi Eh bl 0o

) d pressure and congestive heart failure,
as wel | ddeysragedailydase et EVANE calsHlated iom e wetes soBSYMe R 2'matked t o

the use fipmgker-prophyl axi s and treatment of diseases or conditions which
may be i nhi tg)]i ted by bl ocking the AT, receptor, characterised in that a
patient, including a human patient, requiring such treatnent is

adm ni st efigda ¥ &y 62 dibiled fRE8ldr S f b % N e 8 4 C i ng

adm s nven??glon, optl?lonaﬁ%y dr Arb¥pEigr&sd { \onBRHY e §f 48); B p 204
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
weight is recorded. Terminal blood sampling is performed in 5 % EDTA at 4 (morphometry



conbination with at | east one conposition for the treatnent of &U JAN 2005
cardi ovascul ar di seases and related conditions and di seases liste

her ei nbefore or hereinafter. The invention simlarly relates to

conbi nati ons, e.g. pharnmaceutical conbinations, containing a salt of the
present invention or in each case a phar¥aceutically acceptable salt
thereof in conbination with at | east one conposition for the treatnent of
cardi ovascul ar diseases and related conditions and di seases as |isted

her ei nbefgi &) Qhd M9N(EhABI the"study) Weltks Ftdlidtabnd ditdfiimaRtycal | y acceptable
salt thereof! Conbinations wth other conpositions tor thé treatnent of
car di ovagadibimmunaeasssyusing@ PRC goatia-cowrtialdasteronerdiIA dit {BikimanasSwitzaradd).

her ei nbefore or hereinafter, or in each case a pharnaceutically acceptable
salt thereof, are |ikew se objects of the present invention. The

conbi nat iStatistical baalystke for exanple with the foll owi ng conpositions,

selected from the group consisti of. a: . (i) HMG Co-A, reductase inhibitor
or 5 pharHHAREI LS GSAINR & Sl StAlEHALEals 1S BEIRTBEESIG R BRTURY ng
enzyme ( %vhpwuaw&@b%@roﬁndah%rrnaﬁﬁutraﬁg?é fe¥t MFE NeWph-RAUIS tedtBBEOT |

(ti1) calciumchannel Dbl ocker or a pharnmaceutically acceptable salt

t her eof , qoMpgarispribetweesibe difterentgoynshiftasulis wib aprpbrbilitn ¥elyeiof tassythan 0.05
accept abla@eﬁ@l&z%eﬁ@?ﬂtﬁﬂéaw mﬁ%hgosterone ant agoni st or a pharmaceutically
er eof, (S ua

acceptable salt th | angi otensin converting enzyne/ neutral
endopepti dase (ACE/ NEP) inhibitor or a pharmaceutically acceptable salt

th f, j i dot.hel i t i,st ph t I pt bl | t
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f) hg,ré\ §0f2 boc@mdfogiem[}nﬁieubitdemgaettr@teﬁmgrus&@ah_ _hbiamhdllyncmca@fﬁablbee@ayﬂKaab@of. 1
- Co-A.r ctase inhihitors 0 C e

R- hydr ox )??'H%W@'% aprg |B?Q§§l‘/§'ﬁ2%%'ie,§mq} éﬁmﬂwgg’éﬁ?'}ﬁ”ﬁlﬁ ' t“gf"s4)1 94129 nder st ood

to be those active agents that may be used to lower the lipid |evels

i ncl udi ng_chal esterol in blood. The class of HM> Co-A reductase inhibitors
conpri seg”’b”é Hsotaig o sambingtians aeqarding tathepresaniinveptigruearsbe psed ©Edhml e,
ment i on r}@yrefle&o%ﬁs AbleSRFOICHETRAURES HifktbsdérBsis SEIntsd 69rBﬁ£FHté@ﬁsiH§ Httest
consi sting of atorvastatin, cerivastatin, compactin, dalvastatin,
di hydr ocongdal describedue.gd dwtGitdiang étlalingrat. ifhamasaddi 991)n 1 04i tO33a134t i n,
mevastatin, pravastatin, rivastatin, sinvastatin, and velostatin, or, in
each case, a pharmaceutically acceptable salt

That the salts or combinations according to the present invention can be used for the

treatment of renal failure, especially chronic renal failure, can be demonstrated using the
test model described, e.g., by D. Cohen et al. in Journal of Cardiovascular Pharmacology,
32: 87-95 (1998).

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

lyophilisates up to 100% of the active substance.

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

The invention similarly relates to the use of the salts according to the invention preferably
for the production of pharmaceutical preparations, especially for the prophylaxis and also
for the treatment of diseases or conditions which may be inhibited by blocking the AT,



t hereof. Preferred HMG Co- A reductase inhibitors are those agents wPhcﬂAN 005
have been marketed, nobst preferred is fluvastatin and pitavastatin #
each case, a pharmaceutically acceptable salt thereof. The interruption of

t he enzymatic degradation of angiotensin | to angiotensin Il with so-

call ed ACE-inhibitors (also called angigjgensin converting enzynme

inhibitors) is a successful variant for the regulation of blood pressure
and thus al so nakes avail able a therapeutic nethod for the treatnent of
congestive heart failure. The class of ACE inhibitors conprises conpounds
havi ng diregeptarnd’riman esegen arrdat hedwatment of Siahrieed PRERMRENCRANIBBIVedRA f

the conpo (J#pd% W&%ﬁ%ﬁ%‘%ﬁ{o‘?ﬂ nﬁfrrafb'ﬁbﬁ he group consisting alacepril,

benazepri enazepril ptopri ceronapril, cilazapril, delapril,
enal april, enaprilat, fosinopril, imdapril, lisinopril, noveltopril

Per 0D ARGy BRI b o P R TR B bitaga 501

ACE i nhi Rbh@ienskich fnweb@@hmwdhb@ﬂochmgehémémrmpioettﬂﬂ;admﬁedpheﬂa&rar ed are
benazepril and enal april. The class of CCBs essentj al m r| ses
di hydr op?@i'@f“n'@?“(im%?“@ﬁa PRBFNtCigELINEg SHC eatmant | &’HB a

ver apam 'mérw&t@%efféctﬂe%mu%%ﬁa s§15a&o%ﬁg ltb%mfeuhvérmoﬁ %[ﬂloﬁﬁﬂ‘}?innat ionis

preferably a resentative selected fromthe group consi'sting of
anl odi pi @@mbff'@lt'@ﬂl\’\ptgrﬂé|ea®y@§¢ apmpositient todiths t:f\@atmﬁat:@fcﬂqwﬁ‘éascnlacéh’s@ia@emnd

i 1o b1 8ot @HkloRL g el RO ne BRI erciah@l o pi ne. i 1 endi pi ne,

and ni val %I pi ne I'S pre non- representative selected from
t he group con3| sting of flunarizine, prenylamne, diltiazem fendiline,

O e Pa T et Sfthlary FaBRTh ambinalStE, i f Bila A ARAE comoffighd *ac"

t her apeUtcbﬁﬁidlr)/g asen of meg;re@@tamelnﬂbrymemte%nﬁ icdss a@lhhrm@cmgma@uypambprabté ;]
anti-arrhythnjc dr ) %ferre odi pi ne,

o et i METOM B £PTATAUEN WITYAUAAS AGS COMPRUTHOR e el o Gaidiovastuar

ni trendi piga@sefBfd HASBARBhAitioRd anddBeastRRRNERR heBinb &R & BekérbinaitETRr irf
pharmaceutically acceptable salt thereof. Especially preferred as DHP is

am odi pi kacEase pphRrRRGAUtical acpepiablesalthereatal GomiapiansayithothRe besyl at e,
thereof . A ogﬁwfo@meytr@étﬁieﬁf 5@&&@%&%&%@%&/& & @%e%ﬁdnb&s" dgapam !

or a pharnaceutically acceptable salt, especially the hydrochlori
t her eof . diseases as listed hereinbefore or herelnafter orin each case a pharmaceutnca”y

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
pharmaceutically acceptable salt thereof,

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

{vii}} renin inhibitor or a pharmaceutically acceptable salt thereof, and

(ix) diuretic or a pharmaceutically acceptable salt thereof.



Al dost erone synthase inhibitor is an enzyne that converts corticoster%nﬁ &ﬁ
al dosterone to by hydroxyl ating cortocosterone to form 10 A 15
18- OH-corticosterone and 18-OH corticosterone to aldosterone. The class of
al dosterone synthase inhibitors is known to be applied for the treatnent

of hypertension and primary al dosteroniss conprises both steroidal and non-
steroi dal al dosterone synthase inhibitors, the |ater being nost preferred.
Preference is given to comercially avail abl e al dost erone synt hase

i nhibitors or those aldosterone synthase inhibitors that have been

appr oved HMGGe-ATedretasa ihibiprs (@lse. caked Bvdwxy-Brmathylsltaybereagyingris e

i nhi bitor j i I I I or

exanpl ¢, Ra e RO BRAUIICTS 5 190 Mok e ROz MR Wl e SR Rwer ™)

group corbe $ipidigveds inchidingaholesterdiinhloodr omat ase i nhi bitors anastrozol e,

fadrozole (including the (+)-enantionmer thereof), as well as the steroidal

aromat ase i nhibitor exenestane, or, in each case where applicable, a

phar maceuriec@hssyofatMmeptedl redscthse Inhibitoaf comipnise srosmppurefsaiavetd difiardrsg er oi dal

al dost er one sh%nt hase | r]pi bitor is the (+ -enan(i)eif o(;TEr of the, hydrochloride
oft %

of fadr o BIUEASeRLIqS O £E3TBIFY MERHOR BEY HE 1712 P FRMROYNGS YIaka%D 115 - 36

A pref er reibtd£fromdné gad SicHME oPaYbAAS LA { cdrivastalig lcenrpaeti®fadvidiar mul a O
or spironol actone. A preferred dual angiotensin converting enzyne/ neutral

endopet i diRyrpoumepagtip) flvipdastating Huvasiating ovaeiabivpitavasiaif Mviasiatia, Rrapastem,
629627), rfv%§faﬁ‘ﬂﬁ,t SitrvaQatit, BHadRidstd i@l &, iPEach éas@P?Eﬁ?@d&gk callﬁ Beceptable salt

phar maceuti cal |'y acceptable salt thereof. A pre ot I'n antagoni st
is, for edhargofe, bosentan (cf. EP 526708 A), furthernore, tezosentan (cf.
WD 96/ 19459), or in each case, a pharnaceutically acceptable salt thereof.
Arenin inhibitor is, for exanple, a non-peptidic renin inhibitor such as

t he conpoRreteradd H¥G-DoHAarediu€tadAANhRROEs ard Thadecagentd Whicklabverbdemmarketed,

2(S),4(9) 5%8 768 - 3- ami no-,2, 2-di met hyl - 3- oxopr o 'I}%[-Z, 7-di (1-
et by s P el s Bl R8BS e AR S AR B phenyl 1 - oc
t anam de. accépladle RiMtBs@Bt.ati ve is specifically disclosed in EP 678503 A
Especially preferred is the hem-funmarate salt thereof.
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, temocapiil, and trandolapril, or, in each case, a pharmaceutically acceptable salt
thereof.

Preferred ACE inhibitors are those agents that have been marketed, most preferred are
benazepril and enalapril.

The class of CCBs essentially comprises dihydropyridines (DHPs) and non-DHPs such as
diltiazem-type and verapamil-type CCBs.



A diuretic is, for exanple, a thiazide derivative sel ected fron1th?égua§p 005
consi sting of chlorothiazide, hydrochl orothiazide, nethylclothiazilde, n& ~
chl orot hal i don. The nost preferred is hydrochl orothiazi de. Preferably, the
jointly therapeutically effective anounts of the active agents according to
the conbination of the present inventiogscan be adm nistered

si mul taneously or sequentially in any order, separately or in a fixed

conbi nati on. The structure of the active agents identified by generic or
tradenanes may be taken from the actual edition of the standard conpendi um
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t o i dent ififedigires ngeddipioe agjedipineaninodipisecisndipineseitrerdipine nard nivaldiping, aed
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salts. If these conpounds have, for exanple, at |east one basjC center,
t hey can PeferrescGaBagamprishamipginine, ditrzess fuadiring, aleadinieriinfediRingal t s can
al so be f AV A ' I I ' ent er.
The conporﬁf]nggfﬁh%v}élr?g%aoﬁhédcrﬁ?{gﬁﬁeﬁ a?PgF%a%PQ%'%ﬁ%ﬁ%gﬁggg %ér?ﬁ]sal ts
wi t h baseGCB| a phaveadeatically acbeptalle satt teerpofe Sapecialwprefdrond 43 RERiise rel at es

t "Kit-of- ts" f ' .t h tg.to b
conbi ned 4BEUPHe G 4 B eCHRBL poserbay Falf SEafo ul thabeSuE R RN ud. 1y or
e onent o e B e ous v of ot d forent &1 oe b ate he Barts. of
the kit quceagg{essaélaﬁsqqfﬁlygh%?{ycﬁgc@q}ﬁj thareofed si mul t aneously or

chronol ogically staggered, that is at different time points and with equal
or different tine intervals for any part of the kit of parts. Preferably,
the time Mdpgetpaesyathase irddkiier samengyate hakcuvers coyRostpenete aldegtesnedase
or condi &y Anubfidihg HABKAELnS IeIRh {OHRR b sIForPbAPT 8 B0 ABREEhE
that woul d be obtalned by use of only any one of the conponents. The

i nvent i orgldestersaendhe class of elslopigrepecsinthaseiinhibifpae lsdgewndaei arplied faihe

conbi nat ' P&htment of hypertension and primary aldosteronism comprises both steroidal and non-

steroidal aldosterone synthase inhibitors, the later being most preferred.

Preference is given to commercially available aldosterone synthase inhibitors or those

aldosterone synthase inhibitors that have been approved by the health authorities.

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

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

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



according to the present invention together with instructions for g JAN 7005
si mul t aneous, separate or sequential use. Dosaging may depend on Ja ious
factors, such as node of application, species, age and/or individual
condition. For oral application, the doses to be adm nistered daily are
between <ca. 0.25 and 10 ng/ kg, and for.xgcm bl ooded animals with a body

wei ght of ca. 70 kg, preferably between ca. 20 ng and 500 ng, especially
40ny, 80ny, 160ny and 320nmg based on the free acid. The invention is
illustrated in particular by the exanples and also relates to the new

conpounds naned i/—he exapple§ and to their usage and to nethods for the
preparati Hn——~—t he
i nventi on"withou tingsvthe

i ng exanples serve to illustrate the
exanpl e, the di-pbtassi um
thereof. The di-potassiu \sal\t

nvention in any way. 1 0 JAN 2005 -39 For
of valsartan is fornmed, especially a hydrate
is noted in particular for its nmarked water
solubility. The crystallin etrahydrate of the di-potassiumsalt of
val sartan, with a mghting pof"nt of 135.0C, may be nentioned in particular.
According to elenmentary anal ysis,: a certain sanple of this hydrate has a
water content of 3.72 nols of water per nol of di-potassiumsalt. For high
relative humdity at roomtenperature, the tetrahydrate is formed and for
| ow val uespufferred sieradal atdastaipne antageniahin eglesenonefof theefadinulgot assi um salt is
formed. A magnesiumsalt of vahsartan is simlarly produced, in this
i nstance as an anor phous_sol i with 3.4% H2O. The tenperature of gl ass
transition, as a nean vdlue qf the stage of the specific heat of 0.85 J
[g Cl-' is 167 C. No nmeltimg point is observed. Both facts, nanely the
glass transition an atssence of a nelting point, together with the
measured val ue gfw] Mg in specific heat, confirmthat this nmagnesium
salt of valsarfan’+ gal |y 100% anor phous. According to a
st er eo- speci it gt ggr aphy met hod, the enantioner purity of this
anor phous | tH hgs been determ ned as 83% Exanple 1. Production
of the calt ;j)e t\%g_'rahydrate in situ of
(S)-N-(1-carboxy-2-net h)f -prop? 1-yl)-Npentanoyl-N-[2'-(1
Htetrazol - 5-yl)-bi phend - 4-yl n%trhyl ]-am ne 21.775 g of
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N pentanoyl-N-[2'-(1Htetrazol -5-yl)-
bi phenyl -spirghotactape] - ani ne are di ssolved at roomtenperature in 300 nml of
et hanol . By

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



careful addition of 300 ml of water, the ethanol concentration is rﬁgg@@‘j 2005
to 50% by volune. Using a magnetic stirrer, 3.89 g of Ca(OH)2 are 'a

slowy in small portions to this clear, slightly acidic (pH 4) solution,
so that the pH value tenporarily does not exceed a value of ca. 8. Because
it absorbs CO2 fromthe air, the Ca(OH) 23psed contains traces of CaCOB;
therefore the added anount |ncI udes an excess of 5% After adding the
stoichionetric amount of Ca(OH)2, the pHis ca. 6, and after adding the
excess it rises to 7. The solution becones turbid through the small anount
of finel yCHivi ded CaCO8, which is removed through a folded filter. The

pr oduct contained in the sol uti oG S conti nuously upon renoval
of the al @okol content by al | ow and gt tenperature. The
procedure cpn be accel erated by ih arecirculating air
drier at 40G _After concgp tnA,al cohol content of
the solution dnops to ca. % /"
product crystallli ses. It
vol ume et hanol >
(S)-N-(1-carboxy- hyI-rop 1-yl')-N-pentanoyl - N-[2" - (1

Htetrazo yl) | -4-&] methyl]-amne calcium salt tetrahydrate is
obt ai ned. " Phe ®el ti ilnt fo€He tetrahydrate of the cal ciumsalt of
val sartan, produced according to exanple 1, for a heating rate of 10
Kmn-1 and in a cl osed speci nen cont ai ner with a small internal volune is

The.cryoraplicghy priibas Planal Al R Db Bl aru Bl P BB YR o
exanmpl e InetB@b@i 400 Syy-8-ahehd-BI 4 yENOXES-€3- mell’%x?z pzwoxgmeayi] -SbtaBamileue

conforms to the theoretically calcul ated_value o g(cmS cal cuI at ed

from t he TiswgPEesepipdiva is %RWLC?IJY disclose@indiR 48503 Bt EfSP%CHa' iprefegred is the

t et r ahydnahfr@thatfesapineradn salt of val sartan according to exanple 1 is
measured in nethanol as a 1 %solution [a] 20D =+ 1 . The enanti oner
purity of the salt hydrate produced according to exanple 1 is determ ned by
a stereo- hi eved
by a chi r'n‘S ﬁﬁa!(t:'téI'é: f&P%x%qrﬁB?& @&&T&?ﬁﬁﬁéﬁ%ﬁ P(gt(rér%frhjc}ﬁ‘utflls%é t'éé'rﬁ %Sr;led as ee
= 100% ccalomthmzldenhmroclhierqthnaadbaneih(ytezlqhﬂuazldae |amﬁmhimd>tﬂaﬁdcmm1'l‘mernﬁstr ay
powder pat e inier canera is as follows for the nost

i rrportantp'% ﬁ%% %arydj?%férogg?%ﬁ%of the tetrahydrate of the calciumsalt of
valsartan: d in[ A] : 16.27, 9.90, 9.39, 8.04, 7.71, 7.05, 6.49, 6.34,

g S 5 Sé’?é’jiefg'eéa_?bgy’v? tﬁ%?q%g{yghg%’pegﬁcoa?!y effé'ctlgv5e’ anﬂ'élJ?n??é of4 thESa’cti\f'e' gg’énté 'acl:CSdrdiﬁg]fg the

sed for alshort time with 10% by

combination of the present invention can be administered simultaneously or sequentially in

any order, separately or in a fixed combination.

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

Vivo,

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

crystallization.



El ementary anal ysis gives the follow ng neasured val ues of the el ewtﬁm 2005
present in calciumval sartan-tetrahydrate and of water. The water -~
eval uation was carried out at 130C after expulsion. The findings of the

el ementary analysis, within the error limts, correspond to the sum
fornula (C24 H27 N503) 2 Ca 2+ 4 H20 %4gpund% cal cul ated C52. 8252. 83

H6. 426. 47 N12.9112. 83 020. 2020. 53 water13.2513.21 1 0 JAN 2005 -41 Ca 7.03
7.35 Exam |l e 2. Production of the rragnesi umsalt as the hexahydrate in situ
of 1carbo -2-met hyl - prop-1-yl)-N pentanoyl - N Ey'-(l

H-tetraza' eyognppu wetrg/pombwﬁﬁﬁnpﬁ]mawﬁésmawcguatf:al Acsaplagle saits. If

[(S)-N( " | pta Yat) [

yl) - bi phéhnéélg @H?éuadﬁﬁ%lfwgﬂlp%ﬁ% ar eété?és\éstg %&9%&@8&3(33&&&@%&%@5?#}6@% m
of 50% bygaltaoCemespenbmgaiciq addjmrawtsl cmnea!sn be frsined P@emgl\/éldeklr@chdm

quar z- bidi,st.ill.ed wat | i b d.sol n_becqnes clear after
add g Palonp ebSinR bgsiosBick: R PekEh At RO E MRT B 00 or
0.1 M MyOddmy ein @s@f@mﬁéa‘ns%iwﬁaseadded in small portions to this sl i ghtly
acidic solution with a pH value of 4. The pH value hereby rises to ca. 6.

The process is effected wwth an excess of 10% i.e. a further 0.40 g of
MO are ‘I’rﬁqugﬂatm' tﬁere%¥Qﬁ§§rés‘énf‘ﬁberf1ﬂ5n| I)ke%s‘ésrgiaYé%QO 2Rf- o?%%rt?"'fé’r@x‘alﬁ;pfé Ses

to ca. . 0. he snal residue is | tered fromt esolutlont roug
f ol ded f in th@rseaﬁ@ithﬁééfma@pmp@nemtwe eembines aceridipn to thiepresant ingentiohesan be

301 Ut | 0N dbSAkEbdohyf BPEFRLE B Sftefins 6 WAbb BkcH i 8udhs AL ©

stirrer in a € Cryst i'sat’i on S procedure,
t he sol ubf e dwwoaentsenelmmyltamadmatyd:&mtldmteoera tiglegesntsgdhe pSetsalf ¢ha kigofwi t h a
gl ass rod | nduc stal isati,on in

h
Taoon! SEatBoat e, o6 adhinthe Sl utarObe By behSloBicRl Saas ey el e

pr oduct ldﬁfedénteud\ea;so;ﬁt@@ridnmm SRl br:ullffétemlgml intefialsefor BAY phrt of BRhkings pams
const ant vvel yi el d of magnem umv n- hex hydrate is 53.7 g or

95% base&"¢fRa t‘ﬁ%@“"‘v'éﬂ”%éﬁt?%(ﬁ'searfﬁlc geR slichit @‘ %P& egthrut ¢'treated disease or

condition in the combined use of the parts is larger than the effect that would be obtained

by use of only any one of the components,

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.



The nelting point for the salt hydrate produced according to exarrplie@,JAN 7005
nanely the nagnesiumval sartan-hexahydrate, for a heating rate of 1
Kmn-1in a sealed sanple container with a small internal volume, in an
anount of 2.24 ng, was neasured at 132C and the nelting enthal py at 64
kJMbl -1. The density of the crystals of. ghe hexahydrate of the nagnesium
salt of valsartan produced according to exanple 2, determ ned by a helium
pycnoneter, is 1.273 gcm 3. This value confornms to the theoretically

cal cul ated value of 1.256 gcm 3 calculated fromthe single crystal

st r uct ur &0 exempianthegtBolasSE LYl RhianepintarpRdopshagilly a hydrate thereof. The
magnesi ung_ i - ilinEX ;

Teasur ed o FOIGSARAAIIE RO SRl IS F ARG LR ol i R IS ey
purity oftetrdierdsaé bf thedtiqotagsiuml salbof wdsaoladi wigh aonelirgipoiet &f 135.0R3, enayi beed by

a stereo-specific HPLC nethod.. The stereo-specific separatiqn i s.achjeved
Dy 5 o maeiong i AT Accoreinp 1S eRarign o Bl B PRRD e oL i Fliftas o
= 99. 6 %haSA WwatkREIRBNIAS 3 Mokl Fraét perendlloRBRpdtatSimalak. Fotgh Rgativer ay
powder pattern taken with a Guinier canmera is as follows for the nost

i npor t anthumigiyatreemienpegiirenthgrtelraydrg irclorugd apd fadpy yaluss,cirglative e: d
in[ A]n 7 i ; ; 5.67, 5.21, 5.04, 4.88,
4.21, 4. é‘”@"’og’e é@wé%te?f E’%,d@?ﬁ%.&@ ggn%lﬁ?%ﬁedénal ysis gives the

foll ow ng neasured val ues of the elenments present in the hexahydrate of
t he magnesi um sal f r. . The . i ' .
carried %ngf'gs_f%é%gfo%{g@g%@(épﬁgssﬁﬁﬂargﬂémcﬁﬁdﬁnr{g"sg 'P({)ggﬁleeg%%léléﬁ?{@%ydssswd
anal ysi s,withi 3.4%n H.Oe Thenempelature tof glass traasipam dstaomiche valwe df aherslage (of €4 H27

N5 03) 2- 2+ 6 H20 % found% .cal.cul.ated 1. 0350.94 H7. 00
NI2. 4512 BEcBoben B o ST LT EE 835450 NeyaoHa P8 is bt et BRR ERIE i on of
the hydr afaghedf thdi giRel iRaitiom sl the absdnok-dia(rhel@ayg pomy, t8gdtaehyith tiedBedsuréd - N
value of the change in specific heat, confirm that this magnesium salt of valsartan is
practically 100% amorphous. According to a stereo-specific chromatography method, the

enantiomer purity of this amorphous magnesium salt has been determined as 83%.

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

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

21.775 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-
biphenyl-4-ylmethyl]-amine are dissolved at room temperature in 300 ml of ethanol. By
careful addition of 300 ml of water, the ethanol concentration is reduced to 50% by volume.
Using a magnetic stirrer, 3.89 g of Ca{OH), are added slowly in small portions to this clear,
slightly acidic (pH 4) solution, so that the pH value temporarily does not exceed a value of
ca. 8. Because it absorbs CO; from the air, the Ca{OH), used contains traces of CaCQO;;
therefore the added amount includes an excess of 5%. After adding the stoichiometric
amount of Ca(OH);, the pH is ca. 6, and after adding the excess it rises to 7. The solution
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 solution drops to ca. 10% by



pentanoyl -N-[2'-(1 Htetrazol -5-yl)-biphenyl-4-ylmethyl]-amne (3.5

mol e H20) 5 g of (S)-N-(1-carboxy-2-nmethyl-prop-1-yl)-N pentanoyl - M[]ZJANlZﬂM
H-tetrazol -5-yl)-bi phenyl -4- ylnethyl]-am ne are dissolved whilst heating
gently in 11.5 m of 2 nornal potassium hydroxide solution and m xed with
320 mM of acetonitrile. The mxture is hfated for 5 mnutes to refl ux
(turbid solution), left without stirring for 3 days at roomtenperature
(seeding) and then left for 24 hours at OC The not her liquor is decanted.

The 1 0 JAN 2005 t t h t t d
Chen dri 3@e gaboer SHE bisish i SaliBer 11 tiscs o0 ie5 st g et o
(S)-N(14 tgyaJolRi?ﬁé’ e%‘aﬂ?iéﬁd driidoft @@'%TlNeﬁaﬂhéﬁ%hsl@‘n{ Rei gﬁﬂ- {)-N- (1-carboxy -2-
tetrazol - bi phenyl - 4-yl net h y ]-am ne di potassium hydr at e

obt ai ned r(l@h?l PTQFDé -yl tpentaney|-Mg2' - (dHg etrazad Seyi-iphenyl- 449ﬂmehiﬂﬁ!|]{amm mjcmm in a
cl osed Sp 135C. El enentary analysis: C24 H27 N5 03 K2,
3.72 H20O %ﬁt‘[r’W yggagés?ss%gl?éa%found % cal cul ated C 49.90 49.81 H 5.92
6.00 N 12.14 12.10 O 18.55 18.58 water 11.58 11.58 K 13.50 13.51 X-ray

diffractign di agra e e dlffract neter Scintag Incgc., .
Guper ¢ nd hecre Bl ok (e hidratnel TrariskMbst Foptsadan o cRHARLAapering t

i ntensit Ie&én@ie 1 her ﬂﬂéétlﬁdﬁé&f b KLmTﬂéSanafm bmbsfém é&lﬂ'ne%fcdnlf&?n&' wifhod agai um
salt of valsartan, values given in 29 : 28 in ntensity 4.6 strong 8.8

medi um  9ntemad veluge ig determingd 2s 29580 awliine meltggenthaiey as 82 BUalk. 16. 4

medi um The density of the crystals of the calcium-valsartan-tetrahydrate produced according to
example 1, determined by a helium pycnometer, is 1.297 gecm™. This value conforms to
the theoretically calculated vaiue of 1.298 gecm™ calculated from the single crystal structure.
The optical rotation of the tetrahydrate of the calcium salt of valsartan according to
example 1 is measured in methanol as a 1% sofution [a] % = +1°.
The enantiomer purity of the salt hydrate produced according to example 1 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 = 100%.

Calculation of the interlattice plane intervals from the X-ray powder pattern taken with a
Guinier camera is as follows for the most important lines for this batch of the tetrahydrate of
the calcium salt of valsartan:

din [A ]:16.27, 9.90, 9.39, 8.04, 7.71, 7.05, 6.49, 6.34, 6.2, 5.87, 5.75, 5.66, 5.20, 5.05,
4.95, 4.73, 4.55, 4.33, 4,15, 4.12, 3.95, 3.91, 3.87, 3.35.

Elementary analysis gives the following measured values of the elements present in
calcium-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 (Czs Hoy N5 O3) ¥ Ca #* + 4 H,0.

% found % calculated
C 52.82 52.83
H 6.42 6.47
N 12.91 12.83
o 20.20 20.53

water 13.25 13.21



17.8 strong 18.2 nedium 18.4 medium 18.9 nedium1 0 JAN 2005 -44 20.4
21.1 21.3 22.3 22.5 23.1 23.9 256 26.6 26.9 28 1 medium WdakAN 2005
medium weak strong nedium strong weak strong nmedium nedium
Preferred are hydrates conprising the medium and strong intensity peaks.

Tabl e 11: Crystal data and paraneters o_f41t_he hydrate of the di-potassium
salt of valsartan Crystal data sumfornula

Ca 7.03 7.35

Example 2:
Production of the magnesium salt as the hexahydrate 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-tetrazol-5-
yl}-biphenyl-4-yimethyll-amine] are dissolved at room temperature in 500 ml of 50% by
volume ethanol (from absolute ethanol - see Merck and quarz-bidistilled water). The slightly
turbid solution becomes clear after adding a further 50 ml of 50% ethanol. Using a
magnetic stirrer, 4.03 g or 0.1 M MgO (Merck p.a.) are slowly added in small portions to this
slightly acidic solution with a pH value of 4. The pH value hereby rises to ca. 6. The
process is effected with an excess of 10%, i.e. a further 0.40 g of MgO are added. This
excess is not fully dissolved, and the pH value rises to ca. 7.5. The small residue is filtered

from the solution through a folded filter and washed with 50 ml of 50% ethanol.

The combined clear solution is carefully concentrated at 40°C whilst stirring with a magnetic
stirrer in a large crystallisation dish. Towards the end of this procedure, the solution has a
tendency to harden into a glassy gel. Scratching with a glass red induces the in situ
crystallisation in this phase, which may be recognised by the white colour of the crystalline
solid thus formed. The product is dried at 50°C in a recirculating air drier until reaching a
constant weight. The yield of magnesium-valsartan-hexahydrate is 53.7 g or 95% based on
the valsartan employed as the free acid.

The melting point for the salt hydrate produced according to example2, namely the
magnesium-valsartan-hexahydrate, for a heating rate of 10 Kemin™' in a sealed sample
container with a small internal volume, in an amount of 2.24 mg, was measured at 132°C
and the melting enthalpy at 64 kJeMol™.

The density of the crystals of the hexahydrate of the magnesium salt of valsartan produced
according to example 2, determined by a helium pycnometer, is 1.273 geem™. This value
conforms to the theoretically calculated value of 1.256 gecm™ calculated from the single

crystal structure.



nol ecul ar mass crystal system space group a (A) b (A c¢ (A V]gﬁ)_lANZZ[][IS
ra

F(000) Dcalc. (g.Cm3) nunber of reflections for cell paraneters
for cell paranmeters () 4 (mi') Tenperature (C) crystal shape
(C24H27N5B) 2 2K} . x H20 (x=3.51.0) 574.78 orthorhonbic P21212
38.555(2) 7.577(1) 10.064(1) 2940.0(5)o.4 1212 1.286 25 30-38 3.24
23 prisns 1 0 JAN 2005 -45

The optical rotation of the magnesium-valsartan-hexahydrate produced according to
example 2 is measured in methanol as a 1% solution {a] = -14°,

The enantiomer purity of the salt hydrate produced according to example 2 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 %.

Calculation of the interlattice plane intervals from the X-ray powder pattern taken with a
Guinier camera is as follows for the most important lines for this batch of the magnesium
valsartan hexahydrate:

din{A1:19.78, 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.

Elementary analysis gives the following measured values of the elements present in the
hexahydrate of the magnesium salt of valsartan and of water. The water evaluation is
carried out at 130°C after expulsion. The findings of the elementary analysis, within the

error limits, correspond to the sum formula ( Cas Hay N5 O3) ¥ Mg #* » 6 H,0.

% found % calculated
C 51.03 50.94
H 7.00 6.95
N 12.45 12.38
0] 25.02 25.44
water 19.08 19.10
Mg 4.35 4.29

Example 3:
Production of the hydrate of di-potassium salt of (8)-N-(1-carboxy-2-methyl-prop-1-yl)-N-
pentanoyl-N-{2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine (3.5 + 1.0 mole H;0)

5 g of (8)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyij-amine are dissolved whilst heating gently in 11.5 ml of 2 normal potassium
hydroxide solution and mixed with 320 mi of acetonitrite. The mixture is heated for 5
minutes to reflux (turbid solution), left without stirring for 3 days at room temperature
{seeding) and then left for 24 hours at 0°C. The mother liquor is decanted. The

nge



crystal size (mm crystal colour Data collection diffractoneter

radi ati on ( graphite nonochromator ) wave |ength (A) scan node sch dJANg205
(9) absorption correction nunber of measured reflections nunber of

observed reflections (12(y(1)) h range k range | range nunber of standard
reflections variation in intensity Struggure refinement refinenent nethod
nunber of paranmeters R Rw S nunber of reflections used treatnent of

H atonms extinction correction maxi mum m ni mum residual electron density in
final diff erence-Fourier calculation absolute structure paraneters

0. 63x0. 2@xGtalisate isouashesdwiogvdih agsienitslend then keed insipeadr for 36 hours until

reaching a constant weight. (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-
tetrazol-5-yt)-biphenyl-4-ylmethyl]-amine dipotassium salt hydrate is obtained (3.7 mols

water per mol dipotassium salt). The melting point in a closed specimen container is 135°C.

Elementary analysis: Czs Hzz N5 O3 K, 3.72 H;O, molar mass 578.72

% found % calculated
C 49.90 49.81
H 5.92 6.00
N 12.14 12.10
O 18.55 18.58
water 11.58 11.58
K 13.50 13.51

X-ray diffraction diagram measured with the diffractometer Scintag Inc., Cupertino, CA
95014, US, using CuKa radiation.
Reflection lines and intensities of the most important lines of the hydrate of the di-potassium

salt of valsartan, values given in 28 in *:

20in° Intensity
4.6 strong
8.8 medium
9.2 strong
11.1 weak
12.5 weak
14.8 strong
15.3 weak
16.4 medium
17.8 strong
18.2 medium
18.4 medium

18.9 medium



apart fromthose of the water
0. 815/-0. 676( eA3)
(Shel drick, Gottingen),
(Kel l er,

are dissolved in 200 M o

e/29 3-74 none 3450 2867 -48-40
refinenment on F2, conplete matrix 341 0.069 0.182 1.57 2867
nol ecul es which were ignored 0.24 0.0010(5)
-0.02(4) 1 0 JAN 2005 -46 Programres used SHELXS86
XHELXL93 ( Shel dg4 ck, Gottingen),
Frei burg) Exanple 4: Production of the di-potassiumsalt of
(S)-N(1-carboxy-2-nmethyl-prop-1-yl)-Npentanoyl-N [2'-(1
Htetrazol - 5-yl)-bi phenyl -4-yl met hyl ] -am ne 25 g of
(S) - N- (1- car boxy- 2- met hsf@-4
prop-1-yl)-N-pent anoyl - 2'-(1Htetrazol -5-yl) - bi phenyl,z4:
£+¥ ethanol. 50 m of water are g%%%d,

21.3
22.3
22.5
231
23.9
25.6
26.6
26.9
28.1

-9-40

medium

medium
weak
strong

medium
strong
weak
strong

medium

medium

Preferred are hydrates comprising the medium and strong intensity peaks.

Table 11:

Crystal data and parameters of the hydrate of the di-potassium salt of valsartan

Crystal data

sum formula

molecular mass

crystal system

space group

a (A)

b (A)

c (A)

V (A%

z

F(000}

Deate, (g.cm™)

number of reflections for cell parameters
8 range for cell parameters (°)
1 (mm’)

Temperature (°C)

crystal shape

(C24HzN:0:)72K* . x H,0 (x=3.5+1.0)

574.78
orthorhombic
P2,2,2
38.555(2)
7.577(1)
10.064(1)
2940.0(5)
4

1212
1.286

25

30-38
3.24

23

prisms

-12-40 3 every 120 m

{5 44N 2005
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yl met hyl ] - am ne
t he sol ution



cooled to OC and then mxed with 57.4 m of 2 normal potassium hydroﬁiﬂfN 05
solution. The mxture is concentrated by evaporation on a rotary 1 0
evaporat or, evaporated again with each of toluene and acetonitrile, and
dried in a high vacuumfor 15 mnutes at 50C. The product is dissolved in
290 ml of a hot m xture of acetonitrile/ggter (95:5), mxed with an
additional 110 m of acetonitrile, allowed to cool and seeded at ca. 30C
The m xture is left to stand for 4 days at roomtenperature and filtered
by suction. The residue is washed with acetonitrile/water (95:5) and dried
in a hi gYoREBEMBMB0C. (S)- N (1- car boxy- 2-6B0RAX0.14

pr op- 1'%5/‘5% Qﬁg&,anoyl -N-[2'-(1 Htetrazol -c\‘%g?(,lﬂgsgi phenyl - 4-yl et hyl ] - am ne
di potassiumsalt is obtained as a white powder. Melting point >300C

El ementary analysis: The material obtained is hygroscopic and can be

equi li brz)ta%(i ci)l@ & e air (C24 H27 N5 03 K2, 3.96 nmols H20O). % C49. 1549. 44
H6. 026. 0 67197 01 019. 1819. 1 water12. 2312. 24 K13.413.41 1 0 JAN 2005

- 47 Exangiftadiombrepducti on of the di - sodi umemftNefius CAD4
(S)-N-(1-carboxy-2-nethyl-prop-1-yl)-Npentanoyl -N-[2'- (1

H-t et r az&adiadion| glgrﬁpbﬁ%mﬂm&hw?é@fw ] - ani n&UKdy of

(S)-N(1; - et hyl - prop- 1-yl ) - N- pent -N-[2'-(1

Htet razg%?é%% @Pphenyl -4- ylmethyl]-am Agé]fl)sﬁgdi ssolved in 50 m of

et hanol , scarxedd&i th 2.3 ml of 2 normal sodia#®® hydroxi de sol ution and
concentrated by e(\vapor ation, and the residye_is evaporated with each of

et hanol &FRD @HG®acetate. The white resid¥e’4s stirred in hot acetonitrile
and filtghedntidVeSHcdiben at room tenperat up@neDrying in a high vacuum at
80C over ni Rt ields (S)-N-(1- carboxy-2-nmethyl-pro

p- 1-yl) - R nt@rmgasuﬂeté reflections t et r azol - 5- YW4PObi phenyl - 4-yl net hyl ] - ami ne

di sodi u it r ting po from 260C, browni sh

di scol Ol%gt%li%rnggqb%e%gésﬂ%ﬁ%rgl?gry@hanal ysi(asa:%t?The mat eri al obt ai ned
(hygroscapagge can be equilibrated in the ai-48(624 H27 N5 03 Na2, 5.36 nols
H2O, nol ar mass 576. 05)

k range -9-0

! range -12-0

number of standard reflections 3 every 120 mins
variation in intensity 5%

Structure refinement

refinement method refinement on F2, complete matrix
number of parameters 341

R 0.069

Rw 0.182

S 1.57

number of reflections used 2867

treatment of H-atoms "riding”, apan from those of the water

molecules ,which were ignored
A Cmax 0.24
extinction correction 0.0010(5)
maximum/minimum residual electron density in
final difference-Fourier calculation 0.815/-0.676(eA®)

absolute structure parameters -0.02(4)



% f " ound% cal cul ated C49. 7950. 04 H6.516. 60 N12.0012.16 023. 4423. 22

wat er 16. 7516. 76 Na8. 097. 98 Exanple 6: Production of the nmagnesi um s1aﬂ]t.|AN 2005
(S)-N-(1-carboxy-2-nmethyl-prop-1-yl)-Npentanoyl-N [2'-(1

Htetrazol -5-yl)-bi phenyl -4-ylmethyl]-amne 5 g of
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-Njpgntanoyl -N-[2'-(1

H tetrazol -5-yl)-bi phenyl -4- ylnmethyl]-am ne are added to a suspensi on of
0.666 g of magnesi um hydroxide in 20 mM of water. 40 m of nethanol are
added, then the mxture is stirred for 2 hours at roomtenperature and
concent r &8RS ¥ due is dissolved in nethanol, filtered through a

hard filter, concentrated and evaporated wdheae iHdidrlcR: GEfiRgRyPduct is
stirred with hot 1 0 JAN 2005 - 48 acetonltr$le ?é[ﬂ‘se JCE suc ?o)ﬁ at room

tenperature and dried in a high vacuum at IHE X3 ( (Shieggick, Gottmgen)
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N pent 7 zol -5-yl)-b
| phenyl -4- yl nmet hyl ] -am ne nagnesi um sal t |§&g%kép?1ié§(%%}alﬁg powder .
Mel ting point: The sanple becones browni sh upon heating and V|trifies

t owar ds %000 El ementary anal ysis: C24 H27 N5 03 My, 0.89 nots H2O, nol ar
mass: 47 und% cal cul ated C61. 2660. 83 H6. 136. 12 N14.8814. 78 013. 13

ter3.3 | f |
\(Ng) elr\l_ ( 1%3@%&'%%* Wdl??’btf@%frﬂolm s?lt & )S:jrmlg*felﬁ%ﬁgﬁg{/ IQ méthg Fﬁaﬂ;.q L)MJN%ntar@fyl N

nmet hyl
zol - 5-yl )[MWH@%@M@ Y- *h'@hﬁiM']“ ﬁ'ﬁﬁﬁ'@"l?"@n%f (S)- N—(l car boxy 2- met hyl -
prop-1-yl)-Npentanoyl -N-[2'-(1 Htetrazol -5-yl)-bi phenyl -

25 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2"-(1H-tetrazol-5-yl)-bipheny!l-4-
ylmethyl]-amine are dissolved in 200 ml of ethanol. 50 ml of water are added, the solution
cooled to 0°C and then mixed with 57.4 ml of 2 normal potassium hydroxide solution. The
mixture is concentrated by evaporation on a rotary evaporator, evaporated again with each
of toluene and acetonitrile, and dried in a high vacuum for 15 minutes at 50°C. The product
is dissolved in 290 ml of a hot mixture of acetonitrile/water (95:5), mixed with an additional
110 ml of acetonitrile, allowed to cool and seeded at ca. 30°C. The mixture is left to stand
for 4 days at room temperature and filtered by suction. The residue is washed with
acetonitrile/water (85:5) and dried in a high vacuum at 80°C. {S)-N-{1-carboxy-2-methyl-
prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine dipotassium salt

is obtained as a white powder. Melting point >300°C.

Elementary analysis: The material obtained is hygroscopic and can be equilibrated in the air
(C24 H27 N5 03 Kz, 3.96 mols HzO).

c 49.15
H 6.02
N 11.91
0] 19.18
water 12.23
K 13.4




yl met hyl ] -am ne are added to a suspension of 0.851 g of cal cium hyﬂr@x'lg\? 2005
in 20 M of water and then m xed with 200 ml of ethanol. The m xt

stirred for one hour at room tenperature, concentrated by evaporation to
dryness (re-evaporation with acetonitrile), stirred in hot acetonitrile
(wWith a trace each of ethanol and water)gqsand filtered by suction at room
tenperature. 0.95 g of the salt are heated to reflux in 20 m of
acetonitrile/water (1:1), whereby the mxture al nost dissolves. The

m xture is allowed to cool to roomtenperature, mxed with 20 m of

acet oni t rE%a@ple 51 t ered by suction and washed twice with acetonitril e/ water
(1:1) an lity

300C (deﬂ’éﬁg%‘*éﬁ%ﬁ.ﬁ% dfty i it of E}ﬁ%ﬁé?@%@ﬁ%ﬁé@ﬁ 1Y) e %Koﬁs[gmo
mol ar nmag3H3cWaBG-5(vlehiphenybdalimathygramine ri ed out after expul sion at 150C).

1 0 JAN 2905 -49 % found% cal cul ated C56.8857. 15 H6. 136. 08 N13. 8913. 88
014.94 water6.126.11 Ca7.947.95 Exanple 8: Production of the nono-potassi um
salt of (15@ oNS{)JN-(:abia@&xy 2-meth?lypbrep-|r1i-)p}-ﬂl-geh)anﬁylp‘e{[a gmigytetradd{s2y-Hiphenyl-4-
Htetrazol e t hy a

(95N (1 iarbbiepind sidsciisrin B8 s sigEneh it e el ot poea ssdirs. y 1 ) -

I phenyl éhydvdxmt DiltloredAd @rreftrstea Rgafofafior Gindl the te sidieis e@@?or@lé@ﬂltw th
2. 296 of a 2 normal potassi um hydroxide solution. The m xture is

stirr ed fesch 30 eangt aad athyl anekata. dihervhie rasideg is Sélfrﬁaﬁfbhot weéwhliﬂ)@mbfﬂtered
colourle s%%b“ L O tgﬂ@t Fh0RL- Dl:ﬂ?'n%t ﬁ‘a gﬂ' 9adu?m'F V%} ﬁ%lrp%elds S)-N
e n

evapor at i evapora ce nore’w tonit r| I yo I S€
tert. - butcmrlnﬂxy(zf\mbmyf-prdpr BgB-Nopentaney N- [2E[16H¥mtﬂaaolyb' almalpylsngsl 4-glhtetnyl]-amine
equilibratiop in the air

504, 06 (Vi uwaﬁtaa@.wkeé%&%zfeég%m%ﬁ@%&%m%g?f!@i@%g@e?rﬁgh%%gﬁﬁs

57.30  pg5e0.

Elementary analysis: The material obtained (hygroscopic) can be equilibrated in the air (Cy4
H.7 N5 O3 Nag, 5.36 mols H,O, molar mass 576.05)

O| Z| T| O}

water
Na

Example 6:
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-yimethyll-amine

5 g of {S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-
yimethyl]-amine are added to a suspension of 0.666 g of magnesium hydroxide in 20 ml of
water. 40 ml of methanol are added, then the mixture is stirred for 2 hours at room
temperature and concentrated. The residue is dissolved in methanol, filtered through a
hard filter, concentrated and evaporated with acetonitrile. The product is stirred with hot



HNO water K 6.35 13.61 14.58 6.04 7,72 57.19 6.27 13.89 14.89 6.q4]UA$52m5
Exanple 9: 1 0 JAN 2005 -50 Production of the magnesiumsalt as the
hexahydrate of valsartan by a water-equilibrating process. 1600 g of

val sartan and 6820 g of isopropanol are stirred to forma suspension in a

m xing container at roomtenperature, -a@d added to an 80 litre glass
receptacle with a stirrer. The mxing container is rinsed wwth 3919 g of

i sopropanol in portions and the rinsing solution added to the main

m xture. After _addi ng 3800 of del oni sed wat er

. Lhe i
Lt anst or 1F681OTEIE. 4icHOHBY SHIBOS! SRATD(STBRTBYTS EDf G I T A, vaEoYmept §O5F over
Coepensi G B e g P B I S AT e ng

suspensi o su nte _ . ‘ . stirring
at room tyimgtbylhamine mapresiur selt isohtaredeas aguite pawders MaltingoprintThidepgandé ue

of the resulting solytion is ca. 7.2..By addi further 2.5 g of

magnesi u eagrpaagrcwvrg Worb%?qt'ingr@,d Vﬁﬂge%tﬁ%\?g#szgoc?g'rai sed to ca. 8.3. The
resulting mxture is turbid owi ng to undissolved particles of unknown type
in the magnesi um oxi de. This mxture is transferred through a candle filter
to a 35 IHempentiapsaralysisiGeeadid 1 M, §BALR0!S HePePPRE M@sgnd’3-Be transfer tube
are rinsed with 885 g of isopropanol and 1122 g of

C 6126 60.83
H 6.13 6.12
N 14.88 14.78
O 13.13
water 3.39 3.38
Mg 474 5.13

Example 7:
Production of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-
(1H-tetrazol-5-yl}-biphenyl-4-ylmethyl]-amine

5 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-
yimethyl]-amine are added to a suspension of 0.851 g of calcium hydroxide in 20 ml of
water and then mixed with 200 ml of ethanol. The mixture is stirred for ocne hour at room
temperature, concentrated by evaporation to dryness (re-evaporation with acetonitrile),
stirred in hot acetonitrile {with a trace each of ethanol and water) and filtered by suction at

room temperature.

0.95 g of the salt are heated to reflux in 20 ml of acetonitrile/water (1:1), whereby the
mixture almost dissolves. The mixture is allowed to cool to room temperature, mixed with
20 ml of acetonitrile, filtered by suction and washed twice with acetonitrile/water (1:1) and

dried over night in a high vacuum at 80°C. Melting point: from 300°C (decomposition).

Elementary analysis: C,4 Hz; Ns O3 Ca, 1.71 mols H;O, molar mass 504.39 (water

evaluation carried out after expulsion at 150°C).



dei oni.sed water. For mld concentration, a vacuumis created in the boiler

to an initial theoretical value of 89-100 mbar. Wth a tenperature]§f JANe2D0H
heati ng medi um of 45-50C and a boiling tenperature of the m xture of

37-40C, a total of 13.66 kg of aqueous isopropanol is distilled. By

| owering the distillation pressure to a fg.hal value of 10 nbar and

simul taneously raising the heating nediumtenperature to 65C, the anount of
distillate is increased to a total of 17.12 kg. 9300 g of ethyl acetate,
followed by 14.9 g of valsartan My salt hexahydrate as seeding crystals,

are added to the boiler content mhllst stlrrlng Finally, a further 6680 g

of ethylr p effected to room
terrperature vvhllsﬁ“ E LR “"jure i's mai ntai ned for at

| east 24 @ours. Th@s @Jspenm on 153 1t5hen filtered thr ough Buchner filters. A
moi st fi is—thus obtained The boilerlis rinsed with 1171 g of
ethyl acdiate and t5hb3ri nsi ng mﬁtQﬁe is used tp wash the filter cake.

Dryi ng ‘Nd parti 4 ?g)um TS S 1n alvacuum dryi ng chanber at 50
nmbar prlessure and 2? oven te erature for 6.5|/hours until reaching a

constant| @ei ght yijelds a dry syddt@nce. The physical data, especially the
X-ray po —im hexahydrate salt of
exanpl e [2valgr o JANGs -51  Ex Bplle 10: Producfion of the calciumsalt of
val sart ancas the jeiganydrate. 1§k g of valsarjan and 7000 g of ethanol
are stirred to fodlma suspensiom in a mxing container at room
tenperature, and added to a 35 litre enanel boiler with a stirrer. The

m Xi ng caont ai ne .is rinsed with 2000 g of ethanol in portions and the
rinsing 2%35@3—%& added to the main mxture. After adding 9000 g of

dei oni sedPragti€tion dfftiee monbpotassiunt salhsff(S)-he(d -danbaxy-Zmethybgepeby-Nspéntanay by

stirring 272 of calcipm i de, suspended in 1500 g of

dei oni sed\ll%ﬁy"” QJL&PMP?WEXQ{]@E@HQ €on suppl emented with 1300 g of
dei oni sed water. By sI oWy sti rri ng at roomtenperature, the cal cium

hydr oxi de goes_into sol ution. val ue of the resultlng_ lution is
o 8o g S SR RECYEPTP ) P BIABRY I AR OHE SR
rai sed toyl Sthy @Qm@ne I#éesdsséhwéd |H@dﬂ1?‘6f%éieﬂa%cfﬁl&€ti@mﬂ‘/ﬂmnﬂ@fé‘@dio?r%@i ved
particles ium carbonate) in the calciumhydroxide. This mxture is
transfer rmuassmmbgwoaldeéﬁmtlenf The etixtuep ig sBwed far 3 reiRuies|anganixed wih Ot rpleof
gl ass rec I f i f 1048
o of et nept i dfiior A SpbUARS Sulhteofiehet Thefifh s bonteitiaeied’
vacuum i sevapestied, ewapbraéedbomteennota)wm atatonitriie ard lyephiliseddfom tert.-butanol (wsth

a trace of water).

Elementary analysis {after equilibration in the air). C.4 Hx; Ns O3 Ca, 1.69 mols H;O, molar

mass 504.06 (water evaluation carried out after expuision at 150°C).

c "57.30 57.19
H 6.35 6.27
N 13.61 13.89
O 14.58 14.89
water 6.04 6.04
K 7.72 7.76

Example 9:



100- 120 nmbar. Wth a tenperature of the heating medium of ca. 50C ﬁ ﬁAN 2005
boiling tenperature of the m xture of max. 44C, a total of 11.32 ﬁG
aqueous ethanol is distilled. The dissolved salt crystallises

spont aneously during the course of distillation. The suspension present at
the end of distillation is cooled to ca,gpC whilst stirring, and is stirred
for ca. 16 hours at 5C. The suspension is then filtered through Buchner
filters. The boiler is rinsed with a mxture of 3600 m of deionised water
and 400 M of ethanol, the m xture being cooled to SC, and the rinsing

m xture iRodediontad themiagnpasiumi saltas thakexahydmse of valsartasyby @ witeriesuiibuing

obt ai ned. |ng of a partial anobunt on netal sheets in a vacuum drying
chanber &' Shbar pressure and 40C oven tenperature for 24 hours until
reaching a constant weight yields a dry substance. The physical dat a,

i all th - owd dt
ol r o thob o el e A HaBY SEE Goband 57¢ Sitpclsd 46T SrienBan g wisisoum
salt (2. %oniarr@er@'r&:ﬁﬂ@per&t&ekﬁd\d 2000 oA g00itl glads raﬁbpﬂ@dé withyslin@xi gRe

solution are added dropw se at ca. 25C to a solution of 21.5 g of val sartan
in 200 niMmgingicopkingsdnansediwih 39Ehe %@Oﬂfqpéﬂo'("bﬂo"é'ﬁns ang the dnsighedwionat ed

under vac 2 ﬁ&%ﬁ%xtu@?%@é@@ﬂ&%&b@ H@noﬂlfse& ed! t%%%a%{“ré%'t s

suspende I SOpr opano I's renoved by concentratlng
under vactansfaymed imtorachernogereoud @Glutionl bmetyasgu mhen, TIB6. 3agrof phagossivresixitiee | s

200" o orsusBeddedlh e e iR el ard b8 S M Bnensdr suplpidifen eyl .
Mt o sy ICO0pobicAo @l acien Byiw‘"é“?m?@gd?ﬁmgﬁ?f Py Agis driomad s
Ster °cuoes Mgdpiiion; Phe elvali;ordte tasnanprben B 2d: iy Sidia b lufier

moi sture.o, %&hhﬁlﬂgﬁeh@ﬂw bRdem Srﬁélﬂﬁ@'ﬂwhé hhe?QH Whiuefis fafddd. to Mt gbnﬁwéwbﬁylh%

The moist filter cake is dried over night at ca. 30 nbar and at 30C. A

col our | eg8ixtuse jstHtig oWingrteswgisselved ygft&leS@éwﬂl@wwrswg%traﬁhﬁé@ﬁgrewmaml@e
anal ysis: C24 H27 N5 03 Na2, 2.44 nols H20 % f oundOR C55. 0355. 07 H6. 166. 14

N13. 3813. 38 016. 63
This mixture is transferred through a candle fiiter to a 35 litre enamel boiler and the glass

receptacle and the transfer tube are rinsed with 885 g of isopropanol and 1122 g of
deionised water. For mild concentration, a vacuum is created in the boiler to an initial
theoretical value of 83-100 mbar. With a temperature of the heating medium of 45-50°C
and a boiling temperature of the mixture of 37-40°C, a total of 13.66 kg of aqueous
isopropanol is distilled. By lowering the distillation pressure to a final value of 10 mbar and
simultaneously raising the heating medium temperature to 65°C, the amount of distillate is
increased to a total of 17.12 kg. 9300 g of ethyl acetate, followed by 14.9 g of valsartan Mg
salt hexahydrate as seeding crystals, are added to the boiler content whilst stirring. Finally,
a further 6680 g of ethyl acetate are dispensed in and cooling is effected to room
temperature whilst stirring. The stirring procedure is maintained for at least 24 hours. The
suspension is then filtered through Blchner filters. A moist filter cake is thus obtained. The
boiler is rinsed with 1171 g of ethyl acetate and the rinsing mixture is used to wash the filter
cake. Drying of a partial amount on metal sheets in a vacuum drying chamber at 50 mbar
pressure and 40°C oven temperature for 6.5 hours until reaching a constant weight yields a

dry substance.

The physical data, especially the X-ray powder pattern, correspond to the magnesium

hexahydrate salt of example 2.



wat er 8. 408. 41 Na8.678.78 X-ray diffraction diagram (reflection |i nei ang
intensities of the nost inportant lines) of the crystalline hydrat Uof] Nh@ﬁs
di sodium salt of valsartan neasured with the diffractoneter Scintag Inc.
Cupertino, CA 95014, US, using CuKa radiation: 20 Intensity 4.7 strong

9.1 strong 13.3 weak 13.7 weak 15.6 nmedium 16.4 nmedium 1l O JAN 2005 -53
17.2 medium 17.9 nedium 18.7 nedium 19.6 nedium 21.3 nedium 21.9

medium 22.8 strong 24.0 weak 24.8 weak 25.5 weak 26.5 nedium 26.8

weak 27.3 weak 27.8 weak 28.6 weak 29.4 weak 29.9 nmedium Exanple 12:
Hydrate of the valsartan dipotassiumsalt (3.4 1.0 nole H20:

Example 10:
Production of the calcium salt of valsartan as the tetrahydrate.

1600 g of valsartan and 7000 g of ethanol are stirred to form a suspension in a mixing
container at room temperature, and added to a 35 litre enamel boiler with a stirrer. The
mixing container is rinsed with 2000 g of ethanol in portions and the rinsing solution added
to the main mixture. After adding 9000 g of deionised water, the mixture is transformed into
a homogeneous solution by stirring. Then, 272 g of calcium hydroxide, suspended in 1500
g of deionised water, are added and the suspension supplemented with 1300 g of
deionised water. By slowly stirring at room temperature, the calcium hydroxide goes into
solution. The pH value of the resulting solution is ca. 6.9. By adding a further 9.6 g of
calcium hydroxide, the pH value is raised to ca. 10.6. The resulting mixture is turbid owing
to undissolved particles (calcium carbonate) in the calcium hydroxide. This mixture is
transferred through a candle filter to a 35 litre enamel boiler and the glass receptacle and
the transfer tube are rinsed with a solution of 1048 g of ethanol and 1000 g of deionised
water. For mild concentration, a vacuum is created in the boiler to a theoretical value of
100-120 mbar. With a temperature of the heating medium of ca. 50°C and a boiling
temperature of the mixture of max. 44°C, a total of 11.32 kg of aqueous ethanol is distilled.
The dissolved salt crystallises spontaneously during the course of distillation. The
suspension present at the end of distillation is cooled to ca. 5°C whilst stirring, and is stirred
for ca. 16 hours at 5°C. The suspension is then filtered through Bichner filters, The boiler
is rinsed with a mixture of 3600 ml of deionised water and 400 ml of ethanol, the mixture
being cocled to 5°C, and the rinsing mixture is used to wash the filter cake. A moist filter
cake is thus obtained. Drying of a partial amount on metal sheets in a vacuum drying
chamber at 50 mbar pressure and 40°C oven temperature for 24 hours until reaching a

constant weight yields a dry substance.

The physical data, especially the X-ray powder pattern, correspond to the calcium

tetrahydrate salt of example 1.

Example 11:

Hydrate of valsartan disodium salt (2.4 + 1.0 mole H,0):



6.9 g of potassium carbonate are added at ca. 25C to the solution qf ZM Zgﬂﬁ
of valsartan in 150 m of acetone and 20 m of water. After stirrian

hours at ca. 25C, an alnost clear solution is obtained, which is
concentrated in a vacuum at ca. 50C bath tenperature. 55 m of acetone are
added to the residue (29.3 g) which contgdns residual water, and at ca.

35C, over the course of ca. two hours, a total of 250 ml of
tert.-butylmethylether is dispensed in. After stirring at ca. 25C, the
easily stirrable crystal suspension is cooled to 10C, stirred for at |east
one hour 50fmil af &MNesbdiymdwdtaxige snldtionearh eédded droprosadt esf. 25°C to a solution of

hbar ana 24 soLvasaTintn ARy Thafrbeal, TR Siesl bt P & 193 kafenfidted™
obt ai ned.ynBbEVERNLAT 2t ANADYS] Fhe GAbnHIsNBsiEBe KRiheHigbtiumlsalt 2€dspefdeiN 2005
-54 % f ound% cal cul at ed C50. 3750. 28 H5. 875. 95 N12.2412.22 017.92

wat er 10. 7169007 isereoppngl. eundywatgrisdempyed by spNcEniginginga YaeedmQnc mase at
diff t i ) i : LY
Tt o o B 2 HeGRSITE The HRGIhbl residle iS sHddbnddd i 75 1l R abbtbflp and |

t he hydr @t efwitbeatia. BOL@S it van 25309C, @00 viallof &rt. dutyimaihyshegiave added, 20 in
20 in Intensity 4.9 stron? 9.4 strong 11.4 weak 12.8 weak 14.0 weak
15. 0 wealvherebyscanstilventsgthat arednitiglly smeary gegygradually transtormed into a crystalline

suspension. After stirring over night at ca. 25°C, the suspension is cooled to 10°C and after
ca. 1 hour is filtered by suction whilst excluding atmospheric moisture. Washing then takes
place with 20 ml of tert.-butylmethylether. The moist filter cake is dried over night at

ca. 30 mbar and at 30°C. A colourless, slightly hygroscopic crystal powder is obtained.

Elementary analysis: Czs Hz; Ns O3 Nay, 2.44 mols H,O

l otin e
C 55.03 55.07
H 6.16 6.14
N 13.38 13.38
0 16.63
water 8.40 8.41
Na 8.67 8.78

X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the

crystalline hydrate of the disodium salt of valsartan measured with the diffractometer

Scintag Inc. Cupertino, CA 95014, US, using CuKa radiation:

20 Intensity
4.7 strong
9.1 strong
13.3 weak
13.7 weak
15.6 medium
16.4 medium




18. 5 weak

weak 24.1 medium 25.6 weak 25.8 weak 10 JAN 2005 -55 27.1 29.4 hi

18.9 weak 20.7 weak 21.5 weak 22.0 weak 22.7 nmedium 23

SIAN, 2005

weak Preferred are hydrates conprising nmediumand strong intensity peaks.

Exanpl e 13: Val sartan cal ci um magnesi um m xed sal t:
and 100 nml of wateyzare stirred for ca. 3 hours

200 m of isopropanol

21.5 ¢

of valsartan in
at

ca. 25Cwith 1.5 g of magnesi um hydroxide and 1.9 g of cal ci um hydroxi de.

The
total of 240 m of ethy
sem -solid residue whi

at ca. 25C, initially
honbgeneous suspensi on
with 20 M of ethyl a
30-40C. A col ourl ess ci
di agram corresponds to
magnesi um hexahydrat e f{
bi s- di et hyl anmoni um sal
25C to the solution of

t: 1.5 g .8f di et hyl am ne_are_ added
4.35 ¢ tal sartan in of ac
short time, crystallisation slgwgy sets in. Aftefosdirrind

24.0 weak

248 weak

25.5 weak

26.5 medium

26.8 weak

27.3 weak

27.8 weak

28.6 weak

29.4 weak

29.9 medium

| acetate is added with stirring t
th contalhg residual  wat®9diUMpon st
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cetate. T8& noist filter roedemis dri

yst al er is obtain .The X-rd
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othe still warm
irring over night
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dr opwi se at ca.
etone. After a
over

Example 12:

Hydrate of the valsa

rtan dipotassium salt (3.4 + 1.0 mole H;O):

6.9 g of potassium carbonate are added at ca. 25°C to the solution of 21.7 g of valsartan in

150 ml of acetone and 20 ml of water. After stirring for 2 hours at ca. 25°C, an almost clear

solution is obtained, which is concentrated in a vacuum at ca. 50°C bath temperature.

55 mi of acetone are added to the residue (29.3 g) which contains residual water, and at

ca. 35°C, over the course of ca. two hours, a total of 250 ml of tert.-butylmethylether is

dispensed in. After stirring at ca. 25°C, the easily stirrable crystal suspension is cooled to

10°C, stirred for at least one hour, filtered by suction and washed with 20 ml of

tert.butylmethylether. The moist filter cake is dried over night at ca. 30 mbar and at 30°C.

A colourless, slightly hygroscopic crystal powder is obtained.

Elementary analysis

. 024 Hsr N5 O3 K2, 3.42 mols H,O



night, the crystallisate is filtered by suction at ca. 20C, washed V\ﬁt
cold acetone and dried in a vacuumat ca. 50C. A col ourl ess crystall p@Wﬂ&gUE
is obtained. Elenentary analysis: C32 H51 N7 03, 0.1 nols H20O (C65. 8265. 84
H3. 908. 84 N16.8416.80 1 0 JAN 2005 - 56 O water 0.34 8.52 0.34 X-ray
diffraction diagram (reflection lines angd intensities of the nost inportant
lines) of the <crystalline bis-diethylanmobniumsalt 20 4.7 8.5 9.3 10.8
11.3 13.4 14.0 14.3 14.9 17.1 17.4 17.6 18.3 19.0 20.0 21.2

C ] 1 56.28
H 5.87 5.95

N 12.24 12.22
) 17.92
water 10.76 10.75
K 13.4 13.64

X-ray diffraction diagram measured with the diffractometer Scintag Inc., Cupertino, CA
95014, US using a CuKuo radiation.
Reflection lines and intensities of the most important lines of the hydrate of the di-potassium

salt of valsartan, values given in 20 in °:

20in° Intensity
4.9 strong
9.4 strong
11.4 weak
12.8 weak
14.0 weak
16.0 weak
15.6 weak
16.6 medium
18.0 weak
18.5 weak
18.9 weak
20.7 weak
215 weak
22.0 weak
22.7 medium
23.3 weak
241 medium
25.6 weak

25.8 weak



21.6 22.4 22.7 24.9 25.2 27.0 Intensity weak strong strong QTMAW"%
weak strong nediumweak nedium nedium nmedium nedi um weak medi 005
weak medi um weak medium weak medium weak weak Exanple 15: Val sartan

bi s-di propyl ammonium salt: 2.1 g of di propylam ne are added dropw se at 25C
to the solution of 4.35 g of valsartan ig.60 m of acetone. Wen
crystallisation has set in, the tenperature is raised for a brief

274 medium
29.4 weak

Preferred are hydrates comprising medium and strong intensity peaks.

Example 13:

Valsartan calcium/magnesium mixed salt:

21.5 g of valsartan in 200 ml of isopropanol and 100 ml of water are stirred for ca. 3 hours
at ca. 25°C with 1.5 g of magnesium hydroxide and 1.9 g of calcium hydroxide. The
practically clear solution is concentrated in a vacuum at ca. 50°C. A total of 240 m! of ethyl
acetate is added with stirring to the still warm, semi-solid residue which contains residual
water. Upon stirring over night at ca. 25°C, initially sticky constituents are transformed into a
homogeneous suspension. The suspension is filtered by suction and washed with 20 ml of
ethyl acetate. The moist filter cake is dried in a vacuum at 30-40°C. A colourless crystai

powder is obtained.

The X-ray diffraction diagram corresponds to a conglomerate of calcium tetrahydrate and

magnesium hexahydrate from example 1 and 2.

Example 14;

Valsartan bis-diethylammonium sait;

1.5 g of diethylamine are added dropwise at ca. 25°C to the solution of 4.35 g of valsartan
in 60 ml of acetone. After a short time, crystallisation slowly sets in. After stirring over
night, the crystallisate is filtered by suction at ca. 20°C, washed with cold acetone and dried

in a vacuum at ca. 50°C. A colourless crystal powder is obtained.

C  |es582 6584
H 8.90 8.84
N 16.84 16.80




1 0 JAN 2005 -57 period to 40C and is allowed to drop to roomtenperature
over ca. 2 hours. After stirring over night, the crystallisate is {ifl bjéNeH]%
by suction, washed twice with 15 m of acetone and dried in a vacuum at

ca. 40C. Granular crystals are obtained. Elenmentary anal ysis: C36 H69 N7

03, 0.05 mots H20 % found % cal cul ated @7.7467.69 HI.329.33 N15.3615. 35
07.64 water0.130.14 X-ray diffraction diiagram (reflection |Iines and
intensities of the nost inportant lines) of the crystalline

bi s-di propylammoniumsalt 29 85 8.9 9.4 0.0 11.2 11.6 12.5 13.2
13.9 14.83 14.7 j15.1 15.6 16862 17.0 17.9p 18.7 19.9

water 0.34 0.34

X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the

crystalline bis-diethylammonium salt

20 Intensity
4.7 weak
8.5 strong
9.3 strong
10.8 strong
11.3 weak
13.4 strong
14.0 medium
14.3 weak
14.9 medium
171 medium
17.4 medium
17.6 medium
18.3 weak
19.0 medium
20.0 weak
21.2 medium
21.6 weak
22.4 medium
22.7 weak
24.9 medium
25.2 weak
27.0 weak

Example 15:

Valsartan bis-dipropylammonium sait:

2.1 g of dipropylamine are added dropwise at 25°C to the solution of 4.35 g of valsartan in

60 ml of acetone. When crystallisation has set in, the temperature is raised for a brief



Intensity strong weak strong nediumweak weak weak strong stron
weak weak weak weak weak nmedium nmedium strong weak 1 0 JAN ZQ]lJJA _3@5
20.4 weak 20.6 weak 21.0 strong 21.7 weak 22.3 nedium 23.1 strong

24.5 weak 25.5 nedium 25.8 weak 26.7 weak 28.6 weak Exanple 16:

-57 -

period to 40°C and is allowed to drop to room temperature over ca. 2 hours. After stirring
over night, the crystallisate is filtered by suction, washed twice with 15 ml of acetone and

dried in a vacuum at ca. 40°C. Granular crystals are obtained.

c 167.74

H 9.32

N 15.36

O

water 0.13 0.14

X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the

crystalline bis-dipropylammonium salt

28 intensity
8.5 strong
8.9 weak
9.4 strong
10.0 medium
11.2 weak
11.6 weak
12.5 weak
13.2 strong
13.9 strong
14.3 weak
14.7 weak
15.1 weak
15.6 weak
16.0 weak
17.0 - medium
17.9 medium
18.7 strong
19.9 weak




Bi s-di butyl ammoni um salt of val sartan: A solution of 2.15 g of valsartan in
30 mM of acetone is mxed with 1.4 g of dibutylamne at ca. 25C 10.JAN 2005
Crystallisation sets in after a short tine, and the thick suspension’is
gradually diluted with 20 m of isopropyl acetate over ca. 1 hour. After
stirring for 4 hours at ca. 25C, the crystals are renoved by suction,
washed twice with 10 ml of isopropyl acetate and dried in a vacuum at 50C
A col ourl ess, slightly hygroscopic crystal powder is obtained. Elenentary
anal ysis: C40 H67 N7 03, 0.5 nols H20O % f ound% cal cul at ed ,C68. 2568. 30

H9. 799. 75 N13.8913. 94 (8. 01 waf@d1l. 331. 33 X-raywakfracti gn di agram
(reflection lines and intensit'?ﬁg of the npbst ig%(&tant | ilnes) of the
crystalline bis-dibutyljamoni umrsalt 10 JAN 2005 =59 Internsity very strong
medium strong strong| weak gtpong nedium sikemy weak weak strong
medi um medi um nmedi um; nedi um

21.7 weak

22.3 medium

23.1 strong

24.5 weak

255 medium

258 weak

28.7 weak

28.6 weak

Example 16:

Bis-dibutylammonium salt of valsartan:

A solution of 2.15 g of valsartan in 30 ml of acetone is mixed with 1.4 g of dibutylamine at
ca. 25°C. Crystallisation sets in after a short time, and the thick suspension is gradually
diluted with 20 ml of isopropy! acetate over ca. 1 hour. After stirring for 4 hours at ca. 25°C,
the crystals are removed by suction, washed twice with 10 mi of isopropyl acetate and dried

in a vacuum at 50°C. A colourless, slightly hygroscopic crystal powder is obtained.

Elementary analysis: Cso Hgz Ny O3, 0.5 mols H;O

. -
H 9.79

N 13.89

0

water 1.33

X-ray diffraction diagram (reflection lines and intensities of the most important lines} of the

crystalline bis-dibutylammonium salt



medi um medi um strong weak weak nedium nedium weak weak weak

f=ormul ati on exanple 1: Directly conpressed tablet: No.Ingredient qrﬂo%arNt [ ﬁdﬁ
per batch proportion per [g]tablet core [ng] 1lval sartan cal ci um sallt 2
tetrahydratel34. 2480 10 JAN 2005 2 3 4 5 6 Avicel PH 102 (mcrocrystalline
cellul ose) lactose (crystalline) crospovyidone aerosil 200 (silica, colloidal

anhydrous) magnesi um stearate (vegetabl' &€y -60 60.40836 96. 149457.3 7.5514.5
29 Intensity
7.5 very strong
8.5 medium
9.7 strong
12.7 strong
13.3 weak
14.1 strong
15.1 medium
16.4 strong
17.7 weak
18.2 weak
19.5 strong
19.9 medium
20.5 medium
21.4 medium
21.9 medium
22.2 medium
226 medium
23.0 strong
23.7 weak
242 weak
24.7 medium
25.7 medium
26.0 weak
26.5 weak
28.8 weak

Formulation example 1:
Directly compressed tablet:

No. Ingredient proportion per batch | proportion per
fg] tablet core [mg]

1 valsartan calcium salt tetrahydrate | 134.24 80




0.8390.5 6.20863.7 Ingredient no. 1 is sieved through a 0.5 nm si eve aﬂﬂl A
m xed for 15 mnutes in a Turbula wth ingredients 1-6. Tablets ar1eU 2005
conpress using a single punch tablet press with punches of a dianeter of
8mm Fornmul ati on exanpl e 2: Tabl et produced by roller conpaction:
No. | ngr edi ent proporti on per proportion ggr batch [g]tabl et core [ng]

0

lval sartan magnesi um salt hexahydr at e40 2Avi cel PH 102 (m crocrystalline
27054 cel | ul ose) 3crospovi done7515 4aerosil 200 (silica, coll oidal
anhydrous)7.51.5 5nmagnesi um st earat el53 6magnesium stearate7.51.5

| ngr edi [ept s~ Moavide! PHAN 82 (icestrystallid ni p6.688and conpactd® on a Freund
roll er conpacitor. The band is mlled apd after adm xi ng i ngredi ent not{ 6,
conpressedirﬂQﬂWEEPbts using a single|punch tablet prgess with punchep of
a di anetgr—of 7005 -61 Whajoggm4edai mis: 1| 5A3salt of
val sart aﬁ, sellg%%{?y%tén%)é graoup cons sti ng of—t he mphosedi-um-sal-t- he
nonopot pgsi un makpgviddve di sodi um salt, tR&3di pot assi um 541X, the nmagnesi um

salt, tpe-ecaleium —salt—the-pissdiethylrgngmgniumsal

bi s- di pf8pyl ATRPLADY ilica, CHRH - gi bul glgaé‘rgnmni um sal t B%t he
nmono- L- ar gi nﬂn@nmlr@us)t he bis-L-argining salt, the nonojL-lysine salt @nd
the bistl-1yshine salt, as wellas-saltt+mxtyres—thereof;2— A salt
accordi p§ to cmapnesiumptearate (postakle) pa ?i%ﬁsﬁy crystall ﬁg‘or anor phous
form —The catcrumsart—of valsartan according to claim1. 4. The
tetrahydrate of the calciumsalt of valsartan according to claim3. 5. The
t et r ahy dtrafredieioar. diisgieved thraugh 4,0.% man sieve and sxas,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 roller compaction:

No. | Ingredient proportion per proportion per
batch [g] tablet core [mg]

1 valsartan magnesium salt hexahydrate | 400 80

2 Avicel PH 102 {(microcrystalline 270 54

cellulose)

3 crospovidone 75 15

4 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 6, compressed into tablets using a

single punch tablet press with punches of a diameter of 8mm.




(i) an X-ray powder pattern taken with a Guinier canera conprising the
following interlattice plane intervals: d in [A]: 16.10.3, 9.90.2,1 ®.JAN 2005
7.030.1, 6.500.1, 5.870.05, 5.740.05, 4.950.05,

4.730. 05, 4. 330. 05, 4. 150. 05, 4. 120. 05, 3.950.05; or (ii) an ATR-IR spectrum
havi ng the foll ow ng absorption bands expressed in reciprocal wave nunbers
(cm ): 1621 (st); 1578 (m; 1458 (m; 1441 (m; 1417 (m; 1364 (m); 1012
(m; 758 (m); 738 (m); 696 (m); 666 (M. 6. A salt according to one of
claims 1-5 in the formof a solvate. 7. A salt according to one of clains
1-6 in the formof a hydrate. 8. A sal t%%accor di ng to one of clains 1-7 in a
formselected fromthe group consisting of (i) a crystalline form (ii) a
partly crystalline form (iii) an anorphous form and (iv) a pol ynorphous
form 1V{aywgclaimis:- 62 9. Pharnaceutical preparation containing a conmpound
according to one of clains 1 to 8 and a pharmaceutically acceptable

exci pient or additive. 10. Pharmaceutical preparation according to claim9,
cont ai nilng aAss#alt ohrelsatam getestagniomnf the graumsonsistingnofchgpinaaesogivmvisalh &e

| east opgn, Silrh QI ﬁl@!cﬁﬁdﬁﬂnfséIﬂWhé 3 gﬁpsthéfrﬁdgﬂeg m hit, tHe) calcium

HMG- Co- A" reductase 1 nhi bitor or arrmmaceuticall'y acceptable salt thereof,
(ii) angalbthenkis-diethytaremening saitZenbiscdimppylammopivmosaltothezbipdibutyiaoumaniura saly

accept a ek il i) L Ci I FanQ b hePhicd s

phar o LT -prd e S8 e bt LlarGifinE SO BAFL I RER anf infbied ysing sat. as

i nhi bi t eell as sait miktarasdiearedfi cal |y acceptabl e salt thereof, (v) al dosterone
ant agoni st or a pharnmaceutically acceptable salt thereof, (vi) dual

angi ot ensi n converting enzyne/ neutral endopeptidase (ACE/ NEP) i nhibitor or
a phar 2aceuf saitlacyordingdg tlainh & irseriystalline ipadially ¢rystalline ndambeshbns fonhagoni st or
a pharmaceutically acceptable salt thereof, (viii) renin inhibitor or a
phar maceutically acceptable salt thereof, and (ix) diuretic or a

phar macgut i cThé yalgivmregHltadi valssdr adcbetirptb.claim 1.

4. The tetrahydrate of the calcium salt of valsartan according to claim 3.
5. The tetrahydrate according to claim 4, characterised by
(i an X-ray powder pattern taken with a Guinier camera comprising the following

interlattice plane intervals:

d in [A]: 16.1£0.3, 9.940.2, 9.4£0.2, 7.03+0.1, 6.50£0.1, 5.87+0.05, 5.7410.05, 4.95+0.05,
4.7310.05, 4.3310.05, 4.15+0.05, 4.12+0.05, 3.95+0.05; or

(ii) an ATR-IR spectrum having the following absorption bands expressed in reciprocal

wave numbers (cm™):

1621 (st); 1578 (m); 1458 (m); 1441 (m); 1417 (m); 1364 (m); 1012 (m); 758 (m); 738 (m), 696

{m); 666 (m).

6. A salt according to one of claims 1-5 in the form of a solvate.

7. A salt according to one of claims 1-6 in the form of a hydrate.

8. A salt according to one of claims 1-7 in a form selected from the group consisting of
(1) a crystalline form;

(ii) a partly crystalline form;
(iii) an amorphous form; and
(iv) a polymorphous form.



11. Use of a conpound according to one of clains 1 to 8 in the preparation
of a medicament for the prophylaxis or treatnent of diseases and 10 JAN 2005
conditions which can be inhibited by blocking the ATE receptor. 12.
Process for the manufacture of a salt according to claim1, characterised
in that (i) valsartan and the appropriate base are added to a

wat er - cont ai ni ng organi ¢ solvent, (ii) the solvent is concentrated, for
exanple by heating, if necessary under reduced pressure or by slowy
evaporating, e.g. at roomtenperature, (iii) the residue of evaporation is
equilibrated with the required anount o water by (a) suspending the

resi due of evaporation, which is advantageously still warm and which
still contains some water, in an _appropriate solvent or

b) b
equi | i bPaPharassuticalerenarationaastaining: A oatPYIhaccolging: tngng b %!yir%nh B qndea
exi sti NghAfmaREGlRAINARPtabR dXCRRANLr dduitRequant ity in which the water

di ssolves 1 n the organic solvent and does not form an additional phase; and
(iv) the salt obtained is isol ated.

10.  Phamaceutical preparation according to claim 9, containing a salt according to one of
claims 1-7 in combination with at least one composition selected from the group consisting of
a:

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

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

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

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

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

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

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

(ix) diuretic or a pharmaceutically acceptable salt thereof.

11. Use of a compound according to one of claims 1 to 8 in the preparation of a medicament
for the prophylaxis or treatment of diseases and conditions which can be inhibited by
blocking the AT, receptor.

12. Process for the manufacture of a salt according to claim 1, characterised in that

(i) valsartan and the appropriate base are added to a water-containing organic solvent,

(i) the solvent is concentrated, for example by heating, if necessary under reduced
pressure or by slowly evaporating, e.g. at room temperature,

(iii) the residue of evaporation is equilibrated with the required amount of water by

{(a) suspending the residue of evaporation, which is advantageously still warm, and which

still contains some water, in an appropriate solvent or

(b) by equilibrating the water excess in the solvent;

whereby in a) and b) the existing or added water is present in a quantity in which the water
dissolves in the organic solvent and does not form an additional phase; and

(iv) the salt obtained is isolated.



