WO 02/ 06253 PCT/ EPO1/ 08253 -1- VALSARTAN SALTS The invention relates to
new salts of the AT, receptor antagonist (S)-N(1-carboxy-2-nethyl-

prop- 1- yiWwob/pest anoyl -N-[2' - (1H-tetrazol - 5-yl) - bi phenyl - BeV/EPomaisk3gl | - am ne
(valsartan) of formula HBCCH3 N O C H2HIC/Q /k N. CHCOOH CC
H2 H2 H2 (1). HN N N=N The active ingfedient valsartan is the free acid
which is described specifically in EP 0443983, especially in exanple 16;

it has two acidic hydrogen atom; (i) the hydrogen atom (H atom of the
carboxyl group, and (ii)g. ?ﬁﬁ % pe tetrazole ring. Accordingly, one
acidic H atom(prlmarlly e carboxyl H atonm) or both acidic H atonms may
be replaced by a nonoval ent or higher valent, e.g. divalent, cation. M xed
salts may al so be forned. EP 443983 does not disclose any specific salts of
val sart afhe iAvsmioni relathscte neot satte of therA Bymecestprearitadonist ¢P)eiN(1 earboky-2ahétbyl-
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Dl OVAN. fohauthree acid val sartan has a nelting point in a closed crucible of
80 to 95C and in an open crucible of 105 to 110C and a nelting enthal py of
12 kJ/ mol. The optical rotation is [a] 200 =(-70 2) for a concentration
of ¢ =1 %in nethanol.,dhe d ity of the valsartan crystals and of the
salt hydrates was deterriinggby’a helium pycnoneter (Accupyc 1330 of

M croneritics, Norcrogs, GA? USA). The density for the crystals of the
free acid val saftan ifl§ 1. 20H 0.02. WO 02/ 06253 PCT/ EPO1/ 08253
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The active ingredient valsartan is the free acid which is described specifically in EP
0443983, especially in example 16; it has two acidic hydrogen atoms: (i) the hydrogen atom
(H atom) of the carboxyl group, and (ii) that of the tetrazole ring. Accordingly, one acidic H
atom (primarily the carboxyl H atom) or both acidic H atoms may be réplaced 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 kdJ/mol. The optlcal rotation is
[0]®p =(-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.



-2 The X-ray diffraction diagramconsists essentially of a very broad,
diffuse Xray reflection; the free acid is therefore characterised as
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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 sait, 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 salt 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 salt, 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-L-lysine salt and the bis-L-lysine salt, or respectively, an anorphous
form a solvate, especially hydrate, as well as a pol ynorphous form
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calcium salt of valsartan in crystalline form, especially in hydrate form, primarily the
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 valsarian 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 salt of valsartan in amorphous form;

bis-L-arginine salt of valsartan in amorphous form;

mono-L-lysine salt of valsartan in amorphous 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,



-4 have unexpectedly advantageous properties. Under given conditions, the
crystalline salts and crystalline salt hydrates have a clear nelting point
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crystalline salts according to the invention are stable and are of better
quality than valsartan also during storage and distribution. The anorphous
or partially anorphous salts have limted stability, i.e. as the solid,
they have a restricted stability range. To be stabilised, they require
certain neasures which can be achieved for exanple by aI eni c
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hours, e.g. four hours. Also, for example the melting point of the salts accordlng to the

invention will not be changed by storing under different relative humidities.

Improved physicochemical properties of certain salts or certain sait 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 permiis 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 formulations can be avoided.



storage and admi nistration to the patients. In addition, conplex provisions
for stabilising the active ingredient in the galenic formulations can be
avoi ded. W@oD®266253 PCT/ EP01/ 08253 -5 The invention accP€UERY/08233¢] at es
to crystalline, also partly crystalline and anorphous salts of val sartan.
As well as the solvates, such as hydratgs, the invention also relates to
pol ynor phous forns of the salts according to the invention. Solvates and
al so hydrates of the salts according to the invention may be present, for
exanple, as hem -, nono-, di-, tri-, tetra-, penta-, hexa-solvates or
hydrates, respectively. Solvents used for crystallisation, such as
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stoichionetric rati os between the pharmaceutical active substance
determined by experimentation. It is thus not possible to focus solely on the chemical

composition and the stoichiometric ratio of the molecules in the resulting solid, since under
these circumstances both differing crystalline solids and differing amorphous substances
may be produced.

The description salt hydrates for corresponding hydrates may be preferred, as water
molecules in the crystal structure are bound by strong intermolecular forces and thereby
represent an essential element of structure formation of these crystals which, in part, are
extraordinarily stable. However, water molecules are also existing in certain crystal lattices
-which are bound by rather weak intermolecular forces. Such 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



and the water. In many cases these ratios do not fulfil conpletely the
stoichionetric value, normally it is approached by | ower val ues conpared
to theorwoevezs® of certain crystal defects. The rati o PET/BPYAIRES
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The X-ray diffraction diagram of powders of these two salt hydrates has a number of
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, relatively 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 ascertained 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.
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ng salt hydrate, they were seal ed by cold wel ding. These gol d containers
have an The partiallafly eetablesiall gdiate isdhe Efrahydrate dftthe salcilhesalhefatsartan. trie
sanple a co
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(D 17 er efieBeas pftip Eaf Sbraed el orb AR 4CRRERE A it Rt oy
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are extra
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an e unt .o e hal are re55|on of e
except | oﬁgﬁa@t sy Wers seq e% hlé%BIF' %{T’g p% %PO ﬁ@ers( '@"reaeﬁymeé'ﬂaé i8¢ the
cal ci um g@lifhe of cy. A RIckslitres. TTRS arﬁowﬁtstdwﬁm;ﬂaraha 18 96 1aMe e tisd preSsurised
illustrate the advant ageo si cal Perh{eﬁ npared to the free acid,
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dat a, toget her with the X-ray data, prove
05° 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 kJe 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
illustrate the advantageous physical properties, compared to the free acid, with the two
corresponding data, namely a melting point in the closed system of 90°C and a melting
enthalpy of 12 kJeMol™. 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



the high stability of this crystal grating. They are the foundation for the
speci al physical and chem cal resistance of the tetrahydrate of the

cal ci um sedv2/0f25%al sartan. A nmeasurenent of the infrared ROBPEPQI(82T3
spectrum of the tetrahydrate of the calciumsalt of valsartan in a

pot assi um brom de conpressed tabl et shogs the foll ow ng significant WO
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Enel hna. IARErCARTG IR AWL2 wear e e e 51 (S5t ShaioiBenay.  Mesqement of

fol | ow nmeam&é@b§>é&trmmuseemk9@%@® lrﬂedr%Cdfmm (AvevGatedToRNS (cni):

3594 (w) . 3306 qw- 3054 $w 1578 (n); 1458

; ; 1621
144ReflegtionInfrered Sppot 0§§8w>(qﬁn9 theyﬁtrew;en t$héigrt X(fpﬁﬁeréqn;ﬂnml (W ;
1211 () Corbl 88edcbhsficldh BhokdEnglahld7 (W 1106 (wW; 1099 (vv) 1012 (m; 1002
(W); 974 (W) 966 (w); 955 (w); 941 iW' 863 ;"0855( ;844 (w); 824

(w); 791T0Q etramdratewyf th?SBIC'Pﬁ’) Sa'WQfS/a an pagt %B@apﬁrpt'oqunt ensities
of the aQ,?d?éégquﬁlr QéaIWa%'nG el @fh'gs fol | ows: = weak; (m = nmedium
and (st) strong I ntensi e nost | ntensive absorpt i on bands of the
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The most intensive absorption bands of the ATR-IR spectroscopy are shown by the

following values expressed in reciprocal wave numbers (cm'1): 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 cm™.

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 (C24HxNsO3)® Ca®*e
(8.9 £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

-

Kemin ~'. The resuits are illustrated in table 1.

Table 1




Using thernogravinmetry, in a water-free N2 atnosphere, the weight |oss,

i.e. the water loss for the tetrahydrate as a function of tenperature, was
measur ed va0 ozodzeat ing rate of 10 K mn -1. The results aPeT/kEPIusSeI3at ed in
table 1. Table 1 tenperature [ C weight loss or water loss in WO

02/ 06253 PCT/ EP01/08253 -9 25 0 50 0_.g¢5 0.5 100 3.5 125 10.2 150 12.4
175 12.8 200 12.9 225 12.9 250 13.0 275 13.2 The solubility of the
tetrahydrate of the calciumsalt of valsartan in water-ethanol mxtures is
illustrateddin-Table 2 for a tenperature of 22C Table 2 vol | ethanol in
water solubility28f the |tetrahydrate of @he calcium sall of valsartan in
g/l solutignat gC 0 9[(pH=7.4) 109 U 14 50 46 A fonparison of the
solubilitids of the twolnpst jnportant salts according tb the invention and
the free acid in7@istillled water is ill0QS&trated in Table| 3. Table 3

Conmpound sof bi+i,66 +—git—sotutt+on—at g%C

125 102
150 12.4
175 12.8
200 12.9
225 12.9
250 13.0
275 132

The solubility of the tetrahydrate of the calcium salt of valsartan in water-ethanol mixtures is

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

Table 2

vol-"/ e

10 9
30 14
50 46

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

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

Table 3
vélsartan 0.17
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 interlattice plane intervals determined by a X-ray powder pattern. Measurement of the



val sartan 0.17 tetrahydrate of the calciumsalt of valsartan 9 hexahydrate
of the magnesiumsalt of 59 valsartan Further characterisation of the

t et r ahydmveo e2/0f253 he cal cium salt of val sartan is effect edPOFER/08233e
interlattice plane intervals determ ned by a X-ray powder pattern.

Measur ement of the WO 02/ 06253 PCT/ EPO1{§8253 -10 X-ray powder patterns
was made with a Guinier canmera (FR 552 from Enraf Nonius, Delft, NL) on.an
X-ray filmin transm ssion geonetry, using Cu- Kal radi ati on at room '
tenperatyre. Evaluation of the fil for calc tion of the interlattice
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values are indicated with the appropriate error Al : 16.10. 3,
9.90.2, smafjapeouslyn3o. 1, 7 710.1, 7.030.1, 6. 500 1 6 330 1 6 200. 05,

4 550, 05" S Ghonaiaddien chredgrge gEfepaicdn g otpisdhafiy o
3hs_50t ﬁgobtamﬁé fropsthei Imeé?ww planefinteralsshef the. as¢astajedayrrayi diffragiian diagmimsgr am
5. 0. 2. yhais % b oEhicsh vl agE IEKRY R i bibrbilase gEBr s, o
4b330 05d in[A1506050.34 9 520.2)9,4+9,.9803H.1, A 7318l ¢7.08¢0.hp8.50£0.0f 6,880 kj ng t he
ove- I n 0, n \Y
ntensi { PESERER P LIPS SRR P LT b PRSPy BPoRbPprashR i of i
with a G55r0.66,4.38%0.65, 4. wica0@|4vmos159§t%&(m5, (3(919:02(155 3.8740205; U3.a5:£0105.
these intervals and their intensities fromthe conprehensive single

crystal structure determnation. This structure determ nation yields cell

const ant Shanstinensreseliéaions invhé Kragriifhetionhtiaglamayiodithé falewingnntefhiEies am
orresponpll n%% the solid to be cal cul ated by neans of conputer-aided
cal cul at PBRE "™eVAlSus (programme CaRine Crystallography, Universite de

Conpi egné,in ﬁ]anee)to 3A 9.8.001P,0.45mP, R03L0VEE5EA B 5.8 05y 5174a80i08! £05ad.bsce

| ane i nt nd intenpsities of the nost
P LEBYELE, £99.0 85 en5hLd 65 X200, %8k 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
illustrated in Table 4. '

Table 4

[ 16.10 very‘ 16.02 very 5.67 very weak  5.658 very weak
strong strong




i nportant lines of the tetrahydrate of the calciumsalt of valsartan,

obtai ned from neasurenents with the Guinier canera and from cal cul ating

t he singvwoeorgesal data, is illustrated in Table 4. Tabl BCHWEREAS2I3d

cal cul ated neasured calculated d in [A] Intensity d in [A] Intensity d in
[A] Intensity din [Al Intensity 16.1Q ery 16.02 very 5.67 very weak 5.658
very weak strong strong WO 02/ 06253 PCT/ EPO1/08253 -11 9.89 strong 9. 88
very 5.20 very weak 5.199 very weak strong 9.38 average 9. 37 average 5. 05

very wegk-5.040-very weak §—03—mak—8—92——a¥e¥-age—4—95—a¥epa

7.71 wehk9897¢ waRd 4. 798Reak X824 \weak0 7. 08NAWYeRkage 7189 av¥?'é(d\éea!$ 5
weak 4.b539 weak 6.50average s@roﬂ@ gverage|4. 33 weak 4.338 weak 6.33 ak
6.33 wehk 4 1% strong!4 1l§fﬂcfrong 6. 20 very 6. 19 vepy weaki 4 12 weak

4.114 wea%-38vw=am/95a§?7 a9§r7aqea‘53.rm avebage ye%"'ﬁ@)@rdg@OSOQMVﬁWeN%e

5. 74 average—$—738—average—3—35—weak—3 3491 Fhe—irAyentpr—relates—t o
t he cryst%pigl e Weak ahyg?)gte Vo9 a8 uin sﬁY‘?rag‘? (‘3)-'%—2%1 car¥§% %‘y 2-
nmet hyl pfo Y1) € Vi~ =1

Htet razof)'?g I )Vlgtl%g erw_?g-yljrr\%vtb yu-a4r'n7%e a cre%t al | i?fgzlslo i d V\ﬁl ch iis

clearly chasac t@lersRd | by.oithe awdragend 455 afret eng@akbt aij ngd36r bm wealgl e
crystal { X-raylanalysi g and X-ray powder paiterns An iln-depth di QFIJQQijn of

t he theo6§06f Q\’reéagﬁet h6d9 ()fa\éﬁfﬁgﬁ d‘?@tal xweal di ffﬁé@Bl pn awelk he
definit}en t+Hhe—evalruated ah—edat-a—and th% ar-get ray—be—foednd
in Stoul 3§ense‘ﬁe\kx §3§t é De‘Fﬁm nat?Eﬂ’i"gPA Pr % 5 chl @&IFAg, Mac
M 11T anCgog NewW, lng §|1§ é TPy T 37 12§ aataﬁqq4p TanpLars of -

the sinpgle cr)sta X-nay stducture deternipation for fh el rahydrat e |of
the cal pi um sal twedk val sartan are cgnt ai ned in Table $%. TabI e 5

5.87 | average | 5.862 | average 3.95 average 3.941 average

5.74 | 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-pentanoyl-N-[2’-(1H-tetrazol-5-yl)biphenyl-4-yimethyl}-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 (C2aHx NsO3)#Ca? e 4 H,0
molecular mass 545.65

crystal colour colourless

crystal shape flat prisms



Cryst al
val sartan
nmol ecul awoaze625315. 65 cryst al
WO 02/ 06253 PCT/ EPO1/ 08253
size of the single crystal
el enmentary cell a =

absorpti

Crystal
col our

0.42.0. 39.
95. 34( 3)
par anet " ¥SWRIGYSEM7-16. 50 0

4 F (O
cal cul ated
PAcEGRIupl cient 0.274 mm X-ray regsurenment data diffractoneter
Enraf Nonius CAN X-radiation ( graphite nmonochromat or

0. 71073 Size:pfgbe singlecc¥98! K scan range ($44° 999> @17

data and paraneters of the tetrahydrate of the cal ciumsalt of
data sumfornula (C24 H27 N5 03) 2"
col ourl ess
-12 crystal

Ca 2+ 4 H20
BOBBROIIS233 pri sns
space group P21

crystal
system nonoclinic

Ool7 mB di nensions and angl e of

10.127(2) A b = 8.596(2) A c¢ = 32.214(6) A a=900 {3
Y= 90 vol une of elenentary cell
nol ecules in the elenmentary cell

Ve = 2792.1(10) A 3 nunber of
00) 1160 neasurenent range of cell
r&%’f%"ﬂ'? 1.298 (gcnB) linear

, MoKa wavel engt h
! 0 scan node w/ 2 0

reflecti gRgnsiohd £5d 8AYIERE Bletnch®ifdel 1 85670.127(2) A

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

temperature

scan range (6)

scan mode

reflections collected/unique

number of significant reflections (1> 20(l) )
variation in intensity

absorption correction

Structure refinement

method

number of parameters
agreement index (R)

weighted agreement index (Rw)

b= 8.596(2) A
c=32.214(6) A
a=90°

B= 95.34(3)°
y = 90°
V,=2792.1(10) A ®
4

1160
7.47-16.50 °
1.298 (gecm™®)
0.274 mm ™’

Enraf Nonius CAD4
MoKat

0.71073

295 K
1.27-31.99°
w/20

19384 / 18562
10268

1.7 %

numeric

full matrix, least squares, F?
893

6.2 %

14.4 %



nunber of significant reflections (I > 20(l)) 10268 wvariation in intensity
1.7 % absorption correction nuneric Structure refinenent nethod full

matri x, Me@asro@§uares, F2 nunber of paranmeters 893 agreeR€nEPIINSES (R) 6.2
% weighted agreenent index (Rw) 14.4 % WD 02/ 06253 PCT/ EP01/ 08253 -13 S
factor (Goodness of fit) 1.085 nunber-1#@- reflections used 18562 treat nent
of all hydrogen atons in the nolecule, all found by difference-Fourier
including in the water nol ecul es calculation, alnost all isotropically

refined, f reti.cally fixed (riding) i nction correction none
maxi mum rﬁtoﬁgﬁgggrgels uoa{ﬁ'%el ectron density in186.%62 /[ - 0.495 (e A-3)

concl usinentztrfof esflecttenstosed er cal cul ati on abd@8b62e structure paraneters

0.00 (4) uter programes used SHELXS 86 hel dr i Got ti ngen, 1990)
SHELXL Hesan Okl Rg I P radeedS, SO ffpesReFoliie: b g
1986 ) iktladielin heetateAmbrcleyst ., 1990 ) Thea%baﬂﬁmteamgsmliéotir@idgﬁii EEd by
six paraneters, nanely by the grating constant , a c, an t he
axial angle, namely by a, P, and y. In this \K%fisne%t ﬂzewg?%'céﬁyg
elementary cell V, is determned. A differenfdiaged description of these

crystal gﬁraneters s illustrated in chapter 3 of Stout & Jensen (see
above) . BCHAS CAMESti®r t he tetrahydrate of tRBecalcium salt of valsartan

from t hemgkim@hPmfinishabsitBASE@ORMehsitydRPec @ dep A-tLagy eaLAdor di nates, the
i sotropic thermal paraneters, the coordinates of the hydrogen atons as well
as the conclusive difference-Fourier calculation

absolute structure parameters 0.00 (4)

Computer programmes used

SHELXS 86 ( Sheldrick, Gottingen, 1990 )
SHELXL 96 ( Sheldrick, Géttingen, 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 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



correspondi ng isotropic thermal paraneters, show that a nonoclinic

el enmentary cell exists, its cell content of four fornula units Cal’
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i ndependent units on two-fold positions. Gven the acentric space group P21

determ ned fromthe single crystal X-ray structure determ nation, a

racemate is ruled out. Thus the enantioneric purity of the S-configuration

for the crystalline tetrahydrate of the calciumsalt of
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Table 6
a0 0.04 10 0.00
50 0.04 0 -0.01
60 0.03 10 0.00
70 0.02 20 0.00
80 0.02 30 0.00
90 0.00 40 0.00
80 0.02 50 ~0.00
70 0.02 60 0.01
60 0.02 70 0.00
50 0.02 80 20.01
40 0.02 90 -0.02
30 0.01 0 -0.02
20 0.01 (starting value) 0.00




60 0.03 10 0.00 70 0.02 20 0.00 80 0.02 30 0.00 90 0.00 40 0.00 80 0.02
50 0.00 70 0.02 60 0.01 60 0.02 70 0.00 50 0.02 80 -0.01 40 0.02 90
-0.02 3W00Da6263 -0.02 20 0.01 (starting value) 0.00 WO PCI/@88@HB253

PCT/ EPO1/ 08253 -15 The neasurenent error of this sorption nethod based on
thernogravimetry is about 0.1 % Thergfsare, the tetrahydrate of the
calciumsalt of val sartan under the conditions enployed, which are
realistic froma pharmaceutical -gal enic point of view, shows no neasurable
wat er absorption or loss. This is surprising to a |large extent, since the
tetrahydrate, which has incorporated about 13% of bound water in the

crystal shd H@hwremehﬁe&&t@hﬁly sorpelbr frféﬂﬁﬂtbés@d%ttﬁérmc@{%é&y Rduoaf®.1val ues
of relative hum dity. This property is crucial final stages of

cheni cal Tmﬂ@r%é'ﬂ%teéraamra@ ofdhe galghmcsaii Vﬁﬁaa@m ua<a¢réh¢ eom'w@se;n@%@bs of
the diffghieRkre AARARSdPR rmarﬂéae%t.%@@%i%t &R/féw |sh45\Ms abMdABUtHIPRARE I t S

the patients through the constant availability of the active ingredient.
The int r@bﬁ@n@,tloammﬂs\/ﬁw is su@sisipg te pdarga exicnnstwrithetetiphydrate, ahichthasH 1, pH

4.5 and j st a%ds 7ot '%'?r ! SRRnY H&Sin ﬂﬁé%ryét?loﬁﬁllcﬂfre "i@ko?é\ é/tlﬁt'ﬂffer-gﬁfto water

excepti ona the cal ci um sal sart speci al
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val sartan T enrai ne constant In a sea
anpoul e dddage forme. Thissexceptionk) Stability sibiianyehenefitsetha patiehts hroyh thg doostahe

advant agg\?#?lglﬁ[& ﬂﬁaé éétgéwgé%{heﬁthe calciumsalt, especially the tetrahydrate

t her eof € for pressing di rectl y to form corresponding
t abl et forrrul ati ons In add|t| on, an inproved dissolving profile in a
tabl et C‘?he tHneic dis ?Ivmg rates oufqhg %alcnum sa?t of valsartan at pH 1, pH 4.5 and pH 6.8

show improved values over those of valsartan.

The exceptional stability of the calcium salt of valsartan, especially the tetrahydrate thereof,
towards water may also be shown in stability tests. In these, the water content of the
tetrahydrate of the calcium salt of valsartan remains constant both in an open container and

in a sealed ampoule after four weeks at 40°C and 75% relative humidity.

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 crystalline 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 x 3 kJ'Mol’



di ssolving profile, it was established that the calciumsalt, especially
the tetrahydrate thereof, is released by 100%froma fil mcoated tablet

Wi thin 13voonuss. O the group of newtype crystalline sBCT/@EB)I/®253agnesi um
salt hydrate of valsartan is preferred, in particular the hexahydrate. The
t hermal behaviour of this salt hydrate jyg.the region of the nelting point
shows a certain chem cal and physical instability. The thermal data are

t hus dependent on the measurenent conditions. In the seal ed gold specinen
cont ai ne i nin nal, free volume of .ca. 22 mcrolitr with a sanple
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val sart apmper8RL her with the significantly higher melting point of the
hexahydrate of the magnesiumsalt of valsartan is a neasure of the
stability of the newtype crystal grating at around room tenperature. The
opti cal t in
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Per ki n- El ner ﬁi?yBeaconsfl gllw, Bucks, t(E’ralgl and e hexahydg@:e of the

magnesi ukik £P9 PPhH8: t he fol I ow ng absorption bands expressed

i n_reci prRE fheries df iAssoritRlbahds 3f/fdicaled a%&‘amo\nfsﬁw) 2Wekk; (M) = m&dm{ W) ;
2357 (w); 1684 (w); 1619 (st); 1557 (m); 1464
and (st) = strong intensity.

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);



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) WQ026626%); 1005 (w); 989 (w); 975 (w); 955 (w); POWEPE(MIB253888 (W) ;
856 (w); 836 (m; 820 (w); 766 (st); 751 (m); 741 (st); 732 (st). The
intensities of the absorption bands are7ndicated as follows: (w) = weak;
(m = medium and (st) = strong intensity. The nobst intensive absorption
bands of the ATR-IR spectroscopy are shown by the follow ng val ues

expressed in reciprocal _waye n rs ') .3378 ;3274 (M, WO

02/ 062532 HETESATOBIEA55T (1 3686 00RH + e b 193¢ (5 184 0d 1751 1R i azo
() 13974 o) 83 il 76845t ¥67 31 @9Ta(@); 975 (w); B36 (m); 766 (st);
751 (m; _741 (st); 732 (st). The error nmargin for all absorption bands of
ATR- | R i §he grremarginries a ﬁbmremrt%andﬁazfé’rTFb&iﬁaﬁ ¢®f- t he hexahydrate of the
magnesi um salt of valsartan is 19.1 % Using a coupled instrunent based on
t hernogravi netry-Fourier transformation- infrared-spectroscopy (TG FTIR,

| FS 28 f Fhertheloeeticalnpatai eanténitof $hshhaSahydratenef tiBerbidgnesiantsalt Bhyalsartaid Br uker

tik oKarl: i i oyl ‘ jaht |
o qom b e VAo b AR TRBYEL D BRI | 055
spect r osinbpyed-gpeetrescopy ¢TGWENRY IFS 28TeomvitieccconsmamiesMetrech GetimbauGrbldt 18. 5

% confopm.ng well w t .theagretical value. For. the hexahydrat this

cor  aspoRat: Bayen apt Bl Ry G garsn oot g PSRl MRAYRGi R o ¢

T?bl eI 7 Wbigusrogahm idehtfyingtthe matatal odmpdreert givah gl ading mfraltdaﬁp@agmbyan sal t
of val sartan endi on tenperatur usi ng .t i ght l.oss asured in

oh N0 ot lrEeRmR PERER PR et SRS e Bt s B B e p T ng ReT BB e f or a
heating fhabfetiehl viluelararafie heXahgaiatd)ehis E&résPoRdsens Hokirestio o818 LOLMEIISL i On
of the weight |oss is assured solely by the release of water. Table 7

t enper at eEPETMRMREIESIMM $86s or water release in % 25 0 50 1.2 75 4.2

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
s

50 1.2
75 4.2
100 11.0
125 16.7
150 : 17.7
175 18.3
200 18.5
225 18.7
250 18.9
275 19.3




100 11.0 125 16.7 150 17.7 175 18.3 200 18.5 225 18.7 250 18.9 275
19. 3 WO 02/ 06253 PCT/ EPO1/ 08253 -18 The hexahydrate of the nagnesi um salt
of val sawa@n2/@s3 a solubility in distilled water at 22C BET/BRo1gpSp®r |itre
of solution for a pH value of 9.3. The crystalline formof the hexahydrate
of the magnesiumsalt of valsartan is cfgarly characterised by the
interlattice plane intervals calculated fromthe lines in an X-ray powder
pattern. The measurenent and anal ysis nethods used are the same as those

used for_the etrah ate of the |.C sa art R Thi eferred
char act eTh%%?)fa%'Hé@?e %{ﬁbeﬂémﬁwph?@a%f sﬁgaﬂhéﬁgﬁ%ﬁw Al S(S' Iec{/‘ﬁ?éeég‘% an is
obt ai nedzdecasngohepénitrerdiablution for apie valb of 88, s d, whereby, in the

foll owi ng, average values are indicated with t he appropriate error limts:

din [A: 19.70.3, 10.10.2, 9.80.2, 7.280.1, 6.480.1, 6.000.1, 58101

5.680. 1 The‘Scrletamﬁé form &%h@ h@ﬁahy’élrélta%f fhe. m§gr%ﬂm95alt 6f VaiartdR is deadO. O
4.220.05, 4 4.0 05, 3.420.05. The nnst

i nt ensi @WW?WlWﬁEel'We'ﬂmcwlﬁa? 'WW*'F&@FP'@F?MF%FW@HW@ Xeray BWERI ng

i nterlat ;Sét{é‘?n Pﬁ@ﬁ%abt%ﬁfe\fﬁbﬁd aﬂalgéls Hﬂthodsjt%eagréthe]s@nﬂel& thos®uSH for the
7.280.1, 810. 05, 5. 880. 05, 4.180.05, 4.080.05, 3.46

0. 05. Aﬁ@frélﬁ)&faféd)fﬁm eﬁi@umfsaitnécymsngam he above- i ndi cat ed average val ues of
the interlattice plane intervals and intensities neasured by
experimentation fromX-ray diffraction diagrans with a Quinier canera, for
a gi ven Bhibpredenced clrsaciedsationrof dhd kenahydate ofibe magnesumsall chnelsarta is
I ntensit t I ].pation.
mhi o ot i5eed AERLAE MERHEORARL e TbRY, Fnkleey) Aunetdibiit Sfaclqled
whi ch enaiielimdicdted With dlye dp;ﬁrbpaatelmr limits:
d in [A]: 19.720.3, 10.1+0.2, 9.8+0.2, 7.280.1, 6.48x0.1, 6.00x0.1, 5.81+0.1, 5.68+0.1,
5.40+0.05, 5.22 +0.05, 5.12+0.05, 5.03+0.05, 4.88+0.05, 4.33+0.05, 4.22+0.05,

4.18+0.05, 4.08+0.05, 3.95+0.05, 3.46+0.05, 3.42+0.05.

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

din[A]: 19.72£0.3, 10.11+0.2, 9.8+0.2, 7.2840.1, 5.81+0.05, 5.68+0.05, 5.03+0.05,
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 Compiégne, France). A
compatrison 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



di agram corresponding to the solid to be cal cul ated by neans of
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Uni vers

r-ai ded cal culation nethods (progranme CaRi ne Crystall ography,
| V0 dmoa2edpi egne, France). A conparison of these Bat/aporvisessl y t he

interlattice plane intervals and intensities of the nost inportant |ines

of the hexahydrate of the magnesium salig .of val sartan, obtained from
nmeasurenments with the Guinier canmera and from cal cul ating the single
crystal data, is |IIustrated in TabI e 8. TabI e 8 WO 02/ 06253
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Structure Detlterm natijon; AfPractical Guide] Mac MIlian Co.} New York,
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5.40 very 5.391 | very weak 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-yl)biphenyl-4-
ylmethyl}-amine, a crystalline solid which is clearly 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 vaisartan

Crystal data
sum formula ( Cz4 Har N5 Og) Mg 2* « 6 H,0
molecular mass 565.91



hexahydrate are given in Table 9. Table 9 Crystal
t he hexahydrate of the nagnesium salt of valsartan
formul a W3242/66273 N5 03) 2" My 2+

data and paraneters of
Crystal data sum
6 H2O0 nol ecul ar nmass 5BET/8ROMB2I32/ 06253
PCT/ EPO1/ 08253 -20 crystal colour colourless crystal shape flat prisns
crystal system nonoclinic space group 4g2. size of the single crystal
0.013.0.50. 0.108 mB di nensions and angle of elenentary cell a= 40.075(8)
Ab =7.400(1) A c = 10.275(2) A a = 90 R = 100. 85(3) Y= 90 vol une of
el ementary cell V = 2992.6(9) A 3 nunber of polecules in the elenentary
cel | 4 FFY¥8CI08 measurenent range of C¥e¥HeS8ar ameters (O 2.82 -11.15
cal cul at ggsiedhabby 1.256 (gcm) |inear apsqrigiison coefficient 0.114 nm
X-ray measurenent data diffractoneter Enraf Nonius CAD4 X-radiation (
gr aphi t ecHPACYEIeIat or) MoKa wavel engt h OMPROGBIC t enper at ure 295 K scan

range (O3pake@Roup 26- 00 O c2

size of the single crystal

dimensions and angle of elementary cell

0.013+0.50 ¢ 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°
volume of elementary cell V. =2992.6(9)A®
number of molecules in the elementary cell 4
F (000) 1208
measurement range of cell parameters (©) 2.82-11.15°
calculated density 1.256 (gecm™)
linear absorption coefficient 0.114 mm ™
X-ray measurement data
diffractometer Enraf Nonius CAD4
X-radiation ( graphite monochromator ) MoK
wavelength 0.71073
temperature 295 K
scan range (6) 1.03-26.00°
scan mode w/20
reflections collected/unique 5954 /5868
number of significant reflections (1> 20(l) ) 1341
variation in intensity <1%
absorption correction numeric

Structure refinement

method

full matrix, least squares, F?



scan node w/ 2 O reflections collected/ unique 5954 / 5868 nunber of
significant reflections (I > 2a(l)) 1341 variation in intensity <1 %

absor pti ov0 00626t i on nuneric Structure refinenent net hoBCT/EPO1/0333r i X,

| east squares, F2 WO 02/06253 PCT/ EP01/ 08253 -21 nunber of paraneters 243
agreenent index (R 10.7 % weighted agreenent index (Rw) 13.8 % S factor
(Goodness of fit) 1.001 nunber of reflections used 5868 determ nation of -
hydrogen atons najority according to the "riding" nodel, nine Hatons from
wat er nol eculio?s i sotropically refined from difference-Fourier calculation
ext i nct i YRS OF BRIEMSES. 00098 (10)  maxi munt @i mum r esi dual el ectron

density ddiefméritdnddk @34 (eA-3 ) final diffenremce- Fourier calculation
absol ute structure paraneters 0.0(10) Conputer dzrograrmes used SHELXS 86

( Shel dr i WRighteg @gresgeant indsgdiw) SHELXL 96 (Shel'dd @k, Gottingen, 1996)

SCHAKAL 86, didiqldoBlnedsrdifdur g 1986)  PLATON (3ggl, Acta Cryst., 1990) The
el ementary cell is defined by six paraneters, nanely by the grating
const antRuUraberef sflections uged by the axi al angl &863aneiy by a, (3, and y. In

this Mydetémaé{tyn%y@fqg%ﬁ%tc%@mant ary cell %joﬁis%r&ﬁ?t?ﬁ%- "ri@in

differentiate escripti‘on of these crystal paraneters I ustrgted I n
chapter 3 of Stout & Jensen (see above). model, nine H-atoms from water

molecules isotropically refined from
difference-Fourier calculation
extinction correction 0.00098 (10)
maximum/minimum residual electron density in 0.473/-0.614 (e<A?)
final difference-Fourier calculation

absolute structure parameters 0.0(10)

Computer programmes used

SHELXS 86 (Sheldrick, Gottingen, 1990)
SHELXL 96 (Sheldrick, Géttingen, 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 thermal
parameters, show that a monoclinic elementary cell exists, its cell content occurring from
four formula units Mg 2* 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.



The details for the hexahydrate of the nmagnesiumsalt of valsartan fromthe
single crystal neasurenents, especially the atom coordi nates, the

i sotropi ovOhzoarad paraneters, the coordinates of the hydPOhEROIAIBRIE as
wel | as the corresponding isotropic thermal paraneters, show that a
monoclinic elenentary cell exists, itssell content occurring from four
formula units My 21 Valsartan 6 H20 . G ven the acentric space group C2
determned fromthe single crystal X-ray structure determ nation, a
racemate is ruled out. Thus the enantioneric purity of the S-configuration
for the crystalline hexahydrate of the nmagnesiumsalt of valsartan is

proved. 431870 {0ehatebBd MBS Chhge3i.c. tREwhtdh laBsdBtion bLisks aé 8 Furdiien BRSS

change, i.e. the water absorptlon or loss as a tunction of relative

huni di t yrelative bamjdily a 28%nfara sempde of 94 neg omgaw'tumvelgaﬁwmﬁfwé%mw ate
and for

ol at i veRaReeT s AralieBtl frd Doyl SAHARoE KB hURATILE phhr 1
Tabl e 104G-80;40- Q'EQ ﬂ@crﬁQﬂOf’/yl’a}ﬁt\/erhUmm ption or |oss reI ative hum dity-

wat er absorption or in %in %in %loss in %40 0.06 10 -0.12 50 0.14 O
-4.3 60 0.19 10 -0.79 70 0.25 20 -0.14 80 0.41 30 -0.05 90 0.58 40 0.02
80 0.32 50 0.09 7002260014 60T(ab|B41070020 5000880028 40 0. 16

90 0.51 o5

error o
40 0.06 10 XE
50 0.14 0 -4.3
60 0.19 10 -0.79
70 0.25 20 -0.14
80 0.41 30 -0.05
90 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 90 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.



Therefore, the hexahydrate of the magnesium salt of val sartan under the
conditions enployed, which are realistic froma pharnmaceutical -gal enic
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water in the crystal structure, reversibly absorbs or rel eases water even
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t he magnesium salt of val sartan remains constant both in an open contai ner
and in a seal ed anpoul e after four weeks at 40C and 75%relative hum dity.
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di ssolving profile in a tablet can be assured. In studies of the
dissolving profile, it was established that the magnesiumsalt, especially
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properties, for exanple uniformcrystal conglonerates nmay be produced.
These may be advantageously wused in the galenic fornulation. The intrinsic
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pH 6.8 show [ d val u I of valsartan. A further object of
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The salts according to the invention, |nclud|ng anor phous or crystalline
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expedi ent
P 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 valsartan 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



to use a solvent or solvent mxture, in which the resulting salt is only
slightly soluble or not soluble at all, in order to achieve
crystal | iv@br/@onsdr precipitation. One variant for the sal PCT/aeeicNseli3ng to
the invention would be to use a solvent in which this salt is very soluble,
and to subsequently add an anti-solven,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 WD 02/ 06253
PCT/ EPO1/ 08253 -24 salt solution, for exanple by heating, if necessary
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i sopropanol, as well as Cl-C5-dial kyl ketones, preferably acetone and

m Xt ures thereof wth water. The antisolvents for salt crystallisation may
be for eXberpdleerts i@l mayd usadrédre éor exemplect ali-glkanaetmwefietably ethaedtapds,
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furthermeater. t etrahydrof uran, and C5- C8-al kanes, especially pent ane, hexane
or heptane. To produce hydrates, a dissolving and crystallising process is
used in particular, or a water- equilibrating crystallisation process. The

di ssol vi Mige anitobvents fal balscmstalisativassay ise tdnaxampler@aﬁ;eblkyhitrirat eépociallgl sart an

and the a rlat base ar t to.,a react ef er ny ter-
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exaLrpI e tgyspmwtadmtclaldl (oecealklgm ﬁthﬂaﬁd%ttch ae thic-pdtyimethyisther, dnthdiyoreedi ng
with seedin rystals aor by 0 evaporatin oom t enper at ure,
then or y EUBIYEHER D Eng iR bR ATE PERDEeSaTa AEhRAtRS.  he Sal ¢
obtained is isolated. In the dissolving and crystallising process, the

I Xt U s 1O PR UTETo% ISR OIS TSIa BHES RRCERS 1S o RATRGHGT. o1 8 W1,
especi al bdum’d?rgﬁrgﬂbr?étbill@atloﬂﬂﬂodﬁber The equilibrating crystallisation
process for producing hydrates is characterised in that (l) valsartan and

the appropriate base are added to a water-containing organic sol vent,
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

(iiiy 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

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



(ii) the solvent is concentrated, for exanple by heating, if necessary
under reduced pressure or by slowy evaporating, e.g. at roomtenperature,
(1i1) thavoeyietsx of evaporation is equilibrated w th thePe®gBIWESAS3IanOUNt
of water by WO 02/ 06253 PCT/ EPO1/ 08253 -25 (a) suspending the residue of
evaporation, which is advantageously sisagl warm and which still contains
sone 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 jn a ssgQlves in th ani solvent
D esert 4o e R o e e R e Sl S R A 2R
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aci d- C1- al kyl est ers, especial ly ethyl acetate, ketones, e.g.

di - C1- C5- al kyl ket ones, especially acetone, C3-Cr7-alkylnitriles, especially
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preparation of the hydrate-free bis- d| al kyl ammoni um salts of the present

I nvent| °Thé gquilibration process is notable for example for its high yields and outstanding
reproducibility.

When producing the mono-alkali metal salts according to the present invention,
predominantly amorphous forms are obtained. On the other hand, the di-alkali metal salts
and alkaline earth metal salts of the present invention may also 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, Cs-Cr-alkylnitriles, especially acetonitrile, or ethers, e.g. di-(C4-Cs-alkyl)-
ethers, such as tert.-butylmethylether, also tetrahydrofuran, or mixtures of solvents. By
using the dissolving and crystallising 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 obtained.



advant ageously effected in one step by using an appropriate solvent which
Is optionally mxed with an antisolvent. In this way, crystalline salts
are obt aiwed2/00263 02/ 06253 PCT/ EP01/ 08253 -26 As a rul e, pO®EReWSeS3aci d
salts of the present invention are obtained in anorphous form The
processes for formng salts are |ikew sg objects of the present invention
These salts or salt hydrates according to the invention are obtained for
exanpl e by neutralising the acid valsartan with a base corresponding to
the respective cation. This neutralisation is suitably effected in an
aqueous f@ai'dm the amine acigsalls obthepragsit iventian gigrabiainethip amUBNMSO™n whi ch
val sartan is nore soluble than in water. Salts with weaker bases may be
converted into other salts either by treating with stronger bases or by

t r eat i ngThe Precessesdar feraingisalis atalikedisesohiertapt the prefent inygetion.
Crystallisation, especially of the alkaline earth salt hydrates, is
effected in water or an aqueous nedium which consists of water and at
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calciumsalt of valsartan, an aqueous solution of valsartan is neutralised
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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



preparations, which contain the active substance e.g. in a therapeutically
effective anount WO 02/ 06253 PCT/ EP01/ 08253 -27 of the active substance,
opti onal Iwovngesher with a pharmaceutically acceptabl e caP€T/&P)1/d8033

exanple with an inorganic or organic, solid or optionally also liquid
pharmaceutically acceptable carrier, wWich is suitable for enteral, e.g.
oral, or parenteral admnistration. The invention relates in particular to
a pharmaceutical conposition, especially in a solid dosage unit,

preferably for_ oral admnistration, optionally together with a
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or conditions which e i nh by bl ocking the AT, receptor for

exanpl e ascaplableseariar, Wéﬁhl'i’e Mﬁbéeeﬂoé@ﬂf@éﬁ',ffr grRreh er pRIsDIsr @YsiNsTalignof ( a)
hypertensi on, congestive heart failure, renal failure, especially chronic
renal failure, restenosis after percutaneous translum nal angioplasty, and
r est enosThe iaventiondelatasdn yagiculay jo a phpuraceytical eppposition, gepesialydn ersolid s,

i nsul i nacg béhﬁ@ﬁfﬁe‘%%'ﬁw?’r@%%' pétp,geg,&%ngﬁw Igtﬁ%r g/ﬁﬂ% ﬁlatrrﬁggeﬁltlg%ﬂ -
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survi val aq!?eslablert;emmmr dial infarction (M), coronary heart diseases,
hypertension in the elderly, famlial dyslipidemc hypertension, increase
of formation of collagen, fibrosis, and renodeling follow ng hypertension
(ant i pr oPhdrenaatutical wbbexaﬁioné ot thes kindrimiay deiusadl foradxamplestoe thh meplsﬁaxi@and

condi ti ons..asso ted vm t _hypert n end al
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hyper | i peqarpi@i nenmi a, atheroscl erosis and hyperchol esterolenm a, and (e)
gl aucoma. Pri for he treat nme of high bl ood pressure and
congest ﬁ@'sﬁ%%ﬁ?'y‘%%??g%e%&ge hea%roHBgP"ﬂfr}B’@aﬂjdl al infarction. The
person sg) | | igpetonditie q@agéfr,twemeaarfénwé reballixiles aszpedialyockiehie eénad filtes vant
and standard .animal test nodel 5 Er ove,the herei nbefore and her ei naft er

i ndi cat erﬁs‘{eﬁe$'§ﬁﬁﬁﬂ?ecr°“‘?ﬂﬁ?‘&%‘t’? AlRngiariasiy, pafl resterrsisaftericoronary artery
phar macepypas@burgehy vities as effected by administration of representatives

of the salts of
(b) atherosclerosis, insulin resistance and syndrome X, diabetes mellitus type 2, obesity,

nephropathy, renal failure, e.g. chronic renal failure, hypothyroidism, survival post
myocardial infarction (Ml), coronary heart diseases, hypertension in the eldetly, familial
dyslipidemic hypertension, increase of formation of collagen, fibrosis, and remodeling
following hypertension (antiproliferative effect of the combination), all these diseases or
conditions associated with or without hypertension;

(c) endothelial dysfunction with or without hypertension,

(d) hyperlipidemia, hyperlipoproteinemia, atherosclerosis and hypercholesterolemia, and
(e) glaucoma.

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

well as post-myocardial infarction.

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 salis of
the present invention or of the combination of active agents used according to the present



the present invention or of the conbination of active agents used according
to the present WD 02/ 06253 PCT/ EPO1/ 08253 -28 invention can be
denonst r AWe@d2/@26 by usi ng correspondi ng pharnacol ogi cal POUEP&/ISRBBWN | n
the pertinent art. The person skilled in the pertinent art is fully enabled
to select a relevant aninmal test nodelog.o prove the herei nbefore and
hereinafter indicated therapeutic indications and beneficial effects.
These beneficial effects can, for exanple, be denobnstrated in the test

del di scl G .J ‘ .al. in J. .Ca Ph | .
o7 Savern Gaf Be e hEy by Usi copteBeditiad b R rogieB BERER kapwn
conbi ng_t in aines pertinéritearp r Brsepdrsom siaigd inthd pértinéritaryis evigrinabrRdasdeleteat ment  of
nmyocardil a

infarcti f ' he follow ng test del . Stud
et gn \AevRR! el RymateI S presp deshSsbslete and beireliy rifeated Potanieuls on”

(CAO i ninfishtfonsandIvmhefisial gffgtilel of acute nyocardial infarction. The
experinents are carried out wwth 5 treatnment groups characterized by

followi ng features: sham operated ani mals CAO + vehicle CAO + a salt

accor di nthds@ Hehefifalagrits ddhy fittex@mple, BEUeMBAtted FiRe tedt ricdd adareldédg t o
the present invention + a conbination partner. During the study follow ng

vari abl ¥ Greramicsrirabdn J- Cardgvase. Enammaqoly 27pddnd4. 4898 ine  interstitial and

perivascul ar coll agen density in spared LV nyocardium COL-1 and COL-11I
protein content in spared LV nyocardi um by Western bl ot cardi onyocyt es

cr oss- selariexABPleatavalvable eatpnhalial threealts o sombinationgefdhe @rasent ingentiondor
concent rigp g?ﬂénﬁ@m BRG trBafikht 6* ngééfrﬂﬁnﬁfar&foh'l%n%%ﬁ% Déhg% f&ilo\ﬁ@@'t&m
nd al do ood p i mal's and

pot assi um sterone Db ressure I n conscrous a
carotid mWPdRId pressure in anesthetized ani mal s.

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

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

* sham-operated animals

* CAO + vehicle

* CAO + a salt according to the present invention,

optionally

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

During the study following variables are measured:

* infarct size

* LV chamber volume

« interstitial and perivascular collagen density in spared LV myocardium

* COL-l and COL-lll 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



Met hodol ogy WO 02/ 06253 PCT/ EP01/ 08253 -29 Infarct size: Six pmthick
transverse histol ogical sections of the left ventricle are stained wth

ni t robl uavo e29@3dl i um and acquired by a B/ WXC 77CE CCD vPdrEBPCIZseI3a

(Sony). The resulting image is processed on a KS 300 i mage anal ysis system
(Carl Zeiss Vision) using a software specifically developed (Porzio et .
al., 1995). A single operator blinded to treatnent interactively defines

t he boundaries of the interventricular septum and the infarcted area on
each section is semautomatically identified as the area of unstained
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Collagen content in LV spared myocardium: LYV 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 lll antiserum (Chemicon). The primary antibodies are recognized by
secondary antibodies conjugated to alkaline phosphatase (for colagen type |) or peroxidase
(collagen type Iil).

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



WO 02/ 06253 PCT/ EP01/ 08253 -30 System c and Left ventricul ar henbdynam cs:
A mcrotip pressure transducer (MIlar SPC- 320) connected to a recorder
(W ndogr a¥0Q 0122631 El ectronics) is inserted into the rightPCrapPatisessart ery
to record systolic and diastolic blood pressures. The pressure transducer
Is advanced into the LV to nmeasure LV gystolic (LVSP) and end-di astolic
(LVEDP) pressures, the first derivative of LV pressure over tine (+dP/dt)
and heart rate. Non-invasive blood pressure: Systolic blood pressure and
heart rate are measured by the tail-cuff nethod (Letica LE 5002) in
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al dost er thedirstdedvativeats. Varrgssre averiima (+HdE/dipard hearbtev t h specific

radi oi nmunoassays (Al doctk-2, DiaSorin and Angiotensin Il, N chols

Di agnostics). Uine sodi um and potassju are neasured by flame

phot onret Ngn-inyagie blopd Pressulii supolia ey prsekr anchacar Pe.arerarAS bl bear o

suf fi ci efil-cugf rothéd (Ldlic@L.B®B008) inyconstigums fatant di fferences. 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 acknow edged as a critical
f act or i Hrineetadtmiytds.dermanesTRats eredodiidualiynhqisad in metsboticledgasaing 2ht he

vason | afSroURL TR TR B, MYaar BN o S RO o,
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dysf t t t | 1.d del t fi f
car di ovaelaraerti dppole{Gaial EAHGRERTGR of &F b dBrTs ey or

| e, aidosteemeednd pladmbai angictéristrsl is deaemii itte sy esitioard divinimi hyte,
crapl e, sknsraesddplodatiarcrosjo g vilospansdniimmsests
ol s noGuiod?; GiabtHf el AngfRRch B pRapbbel Pune s Bl Bpragsiy
pl asni nogtenmeasurechby flam(nempiiotornett eased adhesi on nol ecul es such as | CAM and
VCAM increased growh factors

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 ICAM and VCAM, increased growth factors



WO 02/ 06253 PCT/ EP01/ 08253 -31 such as bFGF, TGFb, PDGF, VEGF, all factors
causing cell growh inflanmation and fibrosis. The treatnent e.g. of

endot hel ive@ozigebiinct i on can be denonstrated in the foll oww@TEP01/08253

phar macol ogi cal test: Material and nmethods Mal e 20-24 week-ol d SHR
purchased from RCC Ldt (Fullingsdorf, 3izerland), are mnaintained in a
tenperature- and |ight-controlled roomwith free access to rat chow (Nafag
9331, Cossau, vaitzerl and) and tap water. The experiment is perforned in

accor dance t rove he .Cant an _Vet.eri nar
of fice (Eé‘tn o a to?ﬁ%q&g %Irta& (%%EP\éggg rtﬂ%g\n?agﬁa % I rat/s
are treafigdsias t h the NO synthesis inhibitor L- NAI\/E (Si gna Chem cal s)

adm nistered in drinking water (50 ng/1) for 12 weeks. The average daily
dose of L-NAME cal cul ated fromthe water consuned was 2.5 ng/kg/d (range

2.1-2.7 The tFB@tn‘feNégC@ﬂerﬁtﬁmﬁbthdﬁéfuh&idh cande dergdratatsd igtmgplidwingont rol (n
= e.g. 40% G oup, 2, a salt according to the present invention; n = e.g.

40); forP %’g’taicﬂ'ﬁg'é’élntﬁﬁnatlons Goup 3, conbination partner;(n = e.g. 30).

The drugs are admnistered in drinking fluid. The pressure effect of Ang
at 1 ng/kg obtained in controls nornotensive' rats can be reduced after

treat nmenMaigrighand @8fhodgccording to the present invention (Gervais et al.

1999). Bk Q@Q@%ek%ld@ﬂﬁ%@@hﬁé@rﬁbms L&XF&I%QS@OH'W&%ER@SH@ and
heart rate are recorded by tail cuff plethysnography 3 and 2 weeks before

starti ngmefdaigeditna iempesature- aad kghtrongplledyiogs Wilinire 3¢qess foiat cpw (Nafpg
col | ect egeg\’t’e gio %%M%Flaﬂcﬁrdnﬁqaﬁ WafBr! §he e&&éﬁmérﬁ id ;Eatdﬁtngﬁ@t rfegol i ¢)

cages th ore start’i ng treatment and at wee or vol une
measur enwiib thamltslll-bgtad@inﬁs apd eapioved &y thao@anian é/@@arw@tya@‘ﬁfpmfae@et@r m nation

usi ng st y h I npl es
are wit hgrgg%ﬁgltg ?(I\)%qp%ﬁg%?@t Ir'lggtta h%lﬁttzgﬁﬂn egﬂ?‘%@“& tré’ﬁe(ﬁ’ﬁtﬁtmn‘)f‘e I]}IB s?@{ri’]eegitgl ni ne,
Na+ and MhibasstMH(ﬁtgmat@temlcﬁh)mﬁmgtemqonatnekleamatefn(@@mgélt fod 12msleks.f or
col l ecti T ni ng

ot ar o B 8VerEbe . B ATNAERGI IR G Hy Bler S0R K Fyes' 28 HEREIE,
Ter m nal (rahgef.1sarpl ing is perforned in 5 % EDTA at 4 (m)rphorret ry WO
02/ 06253 PCT/ EPO1/ 08253

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

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

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

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

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

Body weight is measured every week. Systolic blood pressure and heart rate are recorded
by tail cuff plethysmography 3 and 2 weeks before starting the study and at 2 weeks after
drug administration. Urine is collected over a 24 hour period from rats kept in individual
(metabolic) cages the week before starting treatment and at weeks 4 and 12 for volume
measurement and protein, creatinine, sodium and potassium determination using standard
laboratory methods. At the same time points, blood samples are withdrawn from the retro-
orbital plexus (maximum 1 ml) for creatinine, Na" and K* assays.

Ten rats from each group are sacrificed at 4 weeks for collection of kidney and heart for
morphological analysis. The remaining rats are sacrificed at 12 weeks. Cardiac and kidney
weight is recorded. Terminal blood sampling is performed in 5 % EDTA at 4 (morphometry



-32 study) and 12 (end of the study) weeks for al dosterone, determ nation
by radi oi nmunoassay using a DPC coat-a-count al dosterone-RIA kit

(Buhl mannwyo Sapd28er | and) . Statistical analysis: Al data BCBERXpSeSsed as
mean SEM Statistical analysis is perfornmed using a one-way ANOVA,
followed by a Duncan's multiple range tgst and a Newnan-Keul s test, 7for
conpari son between the different groups. Results with a probability val ue
of less than 0.05 are deened statistically significant. An inprovenent of
regression of artherosclerosis without effecti ng the serumlipid | evels

can, forSHAMRIAd?2 (gad gbtsiivdawegkpiorgddosiprente dsiermirtionBYl as discl osed by

H. Kano gHicitundatsBl 9SG SPE c8A0a-BbORRYIstdnRIERE BUhAAAI Bvitaddatag. 259,
414-419 (1999). That the salts or conbinations according to the present

invention can be used for the regression of a cholesterol diet-induced

at her osc&ghiQfibai-anaffside denonstrated using the test nodel described, e.g.,
'a'n'gﬁ_aéﬁ‘. B

by C Ji r. J. Pharmacol. (1991), 104, 1033-1037. That the
sal t s orAkdatbianeexprassescasomdamg SEM.t Htatiphcad analysigisaerfouned uginde onsenvhyf or

s e

denonstrated using net al. in
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pharmaceuti cal prepatations.which, if so desired, may contain further

phar mco?rgﬁ%gmﬁ%f?ﬁgg'?a\)fgS@ﬁwgghﬁces, are prepared in a manner known per se,
for exanple by nmeans of conventional m xing, granulating, coating,

di ssol vi about.0.1 %to
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t he production of pharmaceutical preparations, especially for the
prophylaxis and also for the treatnment of diseases or conditions which may
be i nhi bf?&dNdFalIs BRMPYatiRES AGcordips @PZWG@%@?”PW@WI@%’?@@“-@@“%Cept or.
Primary wgademnadta dhelestdrs disiardurRatatitdrodtidrbsid] @AbhecrssHstBtedNBirgRe esd i Ve

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

That the salts or combinations according to the present invention can be used for the
treatment of renal failure, especially chronic renal failure, can be demonstrated using the
test model described, e.g., by D. Cohen et al. in Journal of Cardiovascular Pharmacology,
32: 87-95 (1998).

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



failure, as well as post-myocardial infarction. The invention simlarly
relates to the use for the prophylaxis and treatnent of di seases or

condi ti oveOWI0@2R3 may be i nhi bited by bl ocki ng the AT, recP@T/&P(1/08253
characterised in that a patient, including a human patient, requiring such
treatnent is admnistered with a theragputically effective amount of a
salt according to the invention, optionally in conbination with at | east
one conposition for the treatnent of cardiovascul ar diseases and related

conditions and di seases |isted rel nbef or einafter. The invention
SOl b Pipopmine AR 5GBS AL 106 16 (RAGSNLA HIGPLBSH PioBRLIe G coRap NS haart

cont ai ni fagyrd, 8kl 86 pb&iem c%’idiﬁhnia%t@ﬁtlon or in each case a
phar maceutical |y acceptable salt thereof in combination with at |east one

conposi tion for the treatnent of cardiovascular diseases and related

condi ti ofige ﬁogqt@hss%ﬁﬁé‘rﬁ, Bfitdd t%ttﬁéi uB@fcﬁ'tﬁ@ﬁr‘oﬁhﬁaﬂé ah§ \ehivdr of dls@ésésrbr each
case a phar maceuti cal | Yy accept abl e sal er eof nmbi nati ons wth ot her

conposi t¢anddionswhighemey bainfitriteddsy Rlegkinadnaddu rwpmrs@%@ew@ iR éhaéﬁed
condi ti 0BgieARGhendi ﬁgfﬁ%ﬁmﬁ?éﬂbﬁ{ themgeéu'ah%ﬁfn?erﬁﬁs uﬁisgﬁé& #th gOF i n each

case a pharnmaceutica cepta hereof, are ew se Obj ects of
t he pr esibatapentieally Mmﬂmmmm’mf ﬁ@@lt@ﬁCQfd'jﬂQli@thead‘éefﬂlQﬂ, eptionplyeinwi t h t he

fol I owl gy i p)g'vwrpgﬁe%a%'ne%ﬁfz)ogﬁ,gmorttﬁeetrgétmépf 6PERBY4dM P bisBasdd dnd

HVG Co- A se armaceuti ca accep ta er eof
(i) angietateshsondittms\endtdisapses istad h(aNRE)efcbraMrbetemaﬁ@r a phar maceut ically
acceptable salt thereof, (iii) calciumchannel blocker or a
pharmaceutical |y accept abl e salt t hereof, (iv) al dosterone synthase

i nhi bi toThe)mventhInammﬂamju’elab@ tlowoadmm:brbamleeg smatmachmneaifcpmb(na)lom dost er one

ant agoni st .ar. a_ph r ceutic ccep tabl e salt ihereo Ré a? utb

angi ot en%?rﬁa'e'Bﬂ\?e %R?ﬁ /'H 1PR° gh%% eCS‘P?SéP 8"{‘%\ i&) CeRRR 'ietsé‘}t or

a Ehar Mihe Roff irﬁclét{rhbinamﬂﬁmlajhﬂ leaétlainb dﬁhﬁbelgén forihe ﬁreaetméﬁtbfedarﬂo@dﬁca@@m st or
ar eutica accept e sal,t. thereo enin inhipitor or a
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HMG Co- A reduct as ors sp call

(3- hydr o?&f"&?ﬁ'\‘@(‘ﬁy?rgtﬂﬁt”&?we'&? 8@‘r£igﬂ¥§swlar diseases and related conditions and

diseases as listed hereinbefore or hereinafter, or in each case a pharmaceutically

acceptable salt thereof, are likewise objects of the present invention.

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

(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.



reductase inhibitors) are understood to be those active agents that may be
used to lower the lipid |levels including cholesterol in blood. The cl ass
of HMG Cov@or/etsxt ase i nhibitors conprises conpounds havi POT/@Pétfaseing
structural features. For exanple, nention may be nade of the conpounds t hat
are selected fromthe group consistingpf atorvastatin, cerivastatin,
conpactin, dalvastatin, dihydroconpactin, fluindostatin, fluvastatin,

| ovastatin, pitavast at i n, mevastatin, pravast ati n, rivastatin,

simvastatin, and velostatin, or, in each case, &yar maceutical ly
accept abiMGsGo-A regiietnse inhititors @socalien BhugronyBemathylabdanyhed-BnzyissAar e t hose

agent s %Hﬁ&a@@%ﬂlb%fsg aﬁ@ﬁ#&ér@t@od t(ﬂBé thd¥b&lcfivd gerhé tHal %%?Sr{?ﬂeéeg tﬁbﬁeﬁer cof

pi tavastatin or rmaceutl ca acce

The i nt ethedlpltill@tel@mluﬂmgeﬂmjﬂmrobn@{@@dadat| on of angiotensin | to
angiotensin Il with so- called ACE-inhibitors (also called angiotensin
converting enzyne inhibitors) is a successful variant for the regulation
of bl oodThr dsssuofdHMGECoAUsdatiase MMQrsmmhpr'ﬁbis eorapolreisd@ying diffenmgt hod f or

the t t f t t I f ACE jnhibit

conpr | ScUNERRIaEREE R o rySaps Dot b becldy & B8 RaMeetii Poludanpi <.
rcrgﬂg : 2P| s;lmactftgfcrmcrilbfla gfobuprmena mm:rp@uhdtsmdetamh caamastatnmtcdombo rlaFﬂmMalwaetagnpup
ci 1 a2 apr Afye@rGRa: GRS FhvesiRy VRGNS el T mevenbibytarastati.

l'isi nOprm\}a,staﬁnvm/@amm\,,anwelcrmww bt, .in gadhNeyse| & phammadeuti¢ally atsmpie lsalt
t enocapri | nd trandol april, or, in each case, a pharnmaceutically

accept ab"8'9k| t thereof. Preferred ACE inhibitors are those agents that
have been marketed, nost preferred are benazepril and enal april. The cl ass

of CCBs essentij all r| ses g%yrl di nes gﬁz and non-DHPs such as
11 11 25 crPIgs MG CeraHe RSt o whichbeyEbRa Dedeied. - 35 A
CCB usef st d?ef%?rb@ |§1%Vé!s{h%'ém mt%v@étsﬁr%@m dach dasb, 4 pRAMRRBIRye sel ected
fromthe rou% consi sting of aml odi pi ne, felodipine, ryosidine,

i sradi pi #eeplalts sdltghakeot.ni car di pi ne,  ni f edi pi ne, ni gul di pi ne, nil udi pine,
ni modi pi ne, nisol di pine, nitrendipine, and nivaldipine, and is preferably

a non-DHP representative selected fromthe group consisting of flunarizine,
The interruption of the enzymatic degradation of angiotensin | to angiotensin |l with so-

called ACE-inhibitors (also called angiotensin converting enzyme inhibitors) is a successful
variant for the regulation of blood pressure and thus also makes available a therapeutic
method for the treatment of congestive heart failure.

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

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

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



prenylam ne, diltiazem fendiline, gallopam |, mbefradil, anipam]l,
tiapam | and verapam |, and in each case, a pharmaceutically acceptable
salt theme@b2/06253 these CCBs are therapeutically used, ePQI/ER&1/08253
anti-hypertensive, anti-angina pectoris or anti-arrhythm c drugs.

Preferred CCBs conprise anl odi pi ne, dildg.azem isradipine, nicardipine,

ni f edi pi ne, ninodi pi ne, nisoldipine, nitrendi pine, and verapam /|, or, e.g.
dependent on the specific CCB, a pharnmaceutically acceptable salt thereof.

Especi-al | referred as DHP i s . anl odi pin  a pharnmaceutical| cceptabl e
sal t, eslbﬁg%awe;ffu't"héalsé@mbmaélpn fwre&s?ﬁv AfPﬁ%éfﬂEg?%ﬁ@tVepﬁeichfé%ﬂ the
represenysip M&wéi’sftin%%a%&pihé, feRARRATInfosRline igtAdipime crRbidiph, hicardisisgpt abl e
salt, especially the hydrochloride, thereof. Al dosterone synthase inhibitor
i's an endipdiping: giguidipioernilidipiie, PERaiRing fisAdpiap qykerdiRing anst niygjdipine, and

hydr oxyl 8pldigrabid AEABHET ,%P?esteatafu@é B1d S ProfPink! FOSS 851RABiING B flunarizine,

18=CH-corticostérone to aldosterone. The class "of ‘al dosterone synthase

i nhi bi t cerenylemineodiftiazemptensiipei gallopamiltribefradik anipamil, dgpamyilanc wiapasmil, and

pri mary L& (TR Cteplapledd flRPfess (e &a!

al doster%ar?gﬂs%t?ﬁﬁ%gés%r% nhi %t%’ﬁ%?mﬁeeﬁat eér) %@h?\%%mgt_ Srse}(ﬁ(;r%ge . Preference
i s gi verthempeuvtinally cised,| o/g.casntignipertansivs eat-@ngingypeciadis ©r antrayhytbmic drugs.hose

al dost er@%?er?e\({}%(gég ?g@@ﬁ%&%é@ﬁ?@%rﬁ@?ﬁltimﬁ? }é?%ggin@pﬂE@éﬁ%eb}lﬂféé]ﬁiﬂgeal th

aut hori ti €s. érone sy ein tors conprises
c onpoundsimodipineg nigoidipime, mijrersliping tand akerapaatiluok ©.9. Beperslemtph ¢he spatificon may

b d h ' | : 1si St i f
Che. non- SoBr B PATTR ey b4l o HEE. Erpol ARG RER | Dol Ui ng
the (+)-amdipirenara pHimfrr‘:raoél)tjcaliysamelptabdaessalhglspemlmttri]abemam{amg?lf.i Ahi bi t or

t , ) case er a caple, a ar ceutl
ccapt anrpesaly piefrel erre R g naPEHER e 2R BRGRH el cr one
synt has eaddaptabid sit, espddisdly (te hydrathloreethedéoft he  hydrochl ori de of fadrozole

(US patents 4617307 and 4889861) of formula WO 02/ 06253 PCT/ EP01/ 08253
-36- N~\N\ HC N A preferred steroidal al dosterone antagonist is

epl er enoARoSterdnesyhtalY lirthibifdr &'an é&nZpme that converts corticosterone to aldosterone to
by hydroxylating cortocosterone to form 18-OH-corticosterone and 18-OH-corticosterone to
aldosterone. The class of aldosterone synthase inhibitors is known to be applied for the
treatment of hypertension and primary aldosteronism comprises both steroidal and non-

steroidal aldosterone synthase inhibitors, the later being most preferred.

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

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

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

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



OjHCHa CH3 HOCH 3 Oor spironolactone. A preferred dual angiotensin

converting enzyne/ neutral endopeti dase (ACE/NEP) inhibitor is, for

exanpl e, voorape2si | ate (cf. EP 629627), fasidotril or fasiBOT/EPOIABR3 or, if

appropriable, a pharmaceutically acceptable salt thereof. A preferred

endot hel i n antagonist is, for exanple, Josentan (cf. EP 526708 A),

furthernore, tezosentan (cf. WD 96/19459), or in each case, a

pharmaceutically acceptable salt thereof. A renin inhibitor is, for

exanpl e, a non-peptidic renin inhibitor such as the conpound of fornmula WO
€ CH3 H3CCH3 OOH H3C CH3 H H2N,,,, N NH2

OO0 0 0, HCc,
2(9), 4(s565),

anam de. This representativelis specifically disclosed in EP 678503 A
Especially preferred is t em -fumarate salt thereof. A diuretic is, for
exanpl e, a thiazi¢gderivative selected fromthe group consisting of
chl orot hi azi de, hydrochl orot hi azi de, nethyl cl ot hi azi de, and chl or ot hal i don.
The nost preferred is hydrochl orothiazide. Preferably, the jointly
therapeutically effecti anmounts of the active agents according to the
conbi nat'f\BF??%‘ng per %@gﬁ’[stqr?ﬂﬁe?ﬂt%?ﬂ'%té?legﬁmé‘&ﬁ? dPERUR| nul t aneously or
O

sequentially in

spironolactone.

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

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

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

formula



any order, separately or in a fixed conbination. The structure of the
active agents identified by generic or tradenanes may be taken from the
actual edv@owe26d t he standard conpendi um " The Merck | ndeRCT/BPO1/0803H
dat abases, e.g. Patents International (e.g. IM5S Wrld Publications). The
correspondlng content thereof is hereQ¥ incorporated by reference. Any
person skilled in the art is fully enab ed to identify the active agents
and, based on these references, |ikew se enabled to manufacture and test
the pharnaceutical ‘indications and properties in standard test nodels, both
invitro@hHdg in vivo. The corresponding _active ingredients or a
phar maceut i cal | y acceptabl e sal tH;@ y also be used in formof a
sol vat e, h as a hydrate or i g othﬁrcsob¥ﬁ£ts, used for
crystal lizatfi on. WO 02/ 06253 P PO1y 08253 3- conmpounds to be
i ‘ tapld,salts. If these
Ie st offe baSic c nter, they can formacid
acid addjtion saltg can also be forned
|onaIIy present basiC center. The conpounds
for exanple COOH) can also formsalts with bases. In
a varlatlngcthe é >JQe elge 8?L invention |ikewise relates to a
"kit-of-parts"y for e aﬁ%le, t he sense that the conponents to be
conbi ned accordlng to the present invention can be dosed independently or
by use of different fixed conbinations with distinguished anounts of the

conponentgemicalfy: de‘hh@li'ab@'(@)(M{Sb s(s; W(sy-NQBfahﬁrﬁ@mz d.mamypgioabﬁroFJ e, 7rdi(tts of
the kit of parts can dm ni stered si multaneous

chr onol o@]%@ﬂ'qtﬂry'k‘ﬁ QM@'@P%‘é'a"B'Ha‘ts [ﬂﬁn%ﬂ‘oxb?’ﬁ E}e&ﬂ"ytﬁ"?@x&ﬂhﬁf‘ﬂ] a?fa"%“ldﬁ equal
or diff e*’rﬁ'etre;saee@ntweEaé ‘éﬁééﬂéa‘ﬂ{/ dRBMsERI EP678463 K Eseém&wréferreaﬁsefh%r ably,
the time-intervals are chosen such that the effect on thé treated di sease
or condhembumasateiseltdatBpined use of the parts is |arger than the effect
that woul d be obtained by use of only any one of the conponents. The
invention furthernore relates to a commerci al package conprising the

conbi nat Astiureticisofod iexgmple, & Hiazide defvative selacted irormietarewp epnsistingsf r uct i ons
fo o v bR o SERRIAI R azid HUEHIdMIaUEE, andAHRELAGIARY AIRASDA O

various factors cation, species, age an
preferred is hydrochlorothiazide.

conpounds have
addition salt
havi ng, if desi
havi ng an acid gr

Preferably, the jointly therapeutically effective amounts of the active agents according to the
combination of the present invention can be administered simultaneously or sequentially in

any order, separately or in a fixed combination.

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



i ndi vi dual condition. For oral application, the doses to be adm ni stered
daily are between <ca. 0.25 and 10 ng/ kg, and for warm bl ooded animals with
a body wav@h2/o@f3 ca. 70 kg, preferably between ca. 20 ngP@n#P&EQB233y,
especially 40ng, 80ny, 160ng and 320ny based on the free acid. The

invention is illustrated in particular_fy the exanples and also relates to
the new conpounds naned in the exanples and to their usage and to net hods
for the preparation thereof. The follow ng exanples serve to illustrate

the invention without Iimting the invention in any way. WO 02/ 06253
PCT/ EP01/b®gempourgts tadbe C@%ﬁmﬁdeca"ttr?epféﬁefﬂ@t%é%@rm@ﬁeé'aﬁ"yﬁccwﬁ%'&rS@Bﬁ fts
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partlcul ar Its marked water solubility he crystalline tetrahydrate
of t he dbaljfotGasspandag acigradgdiion gpltsean QIPQ heéer@rithaN@gptﬁdﬁﬁlrQsir am35. 0C, may

ment ?Q&ﬁgndllg p?sgahi Bé%}@&ent@tcc'ﬁ{edé duﬂd@h%?ﬁ@éﬁ%}ﬂdaq? ?blsexa‘% grtain

sarrple o] as a water c ntent wat er per nol
of di- poﬁwmﬂﬁqform@altﬁwghbﬁ@%tl ve humdity at roomtenperature, the
tetrahydrate is fornmed and for |ow values of relative humdity, the
anhydrate of the di-potassiumsalt is fornmed. A magnesium salt of val sartan
i s siml &ré yagatioddlvedof, the presentiimwention ikexdseanelademiophkitof-palts’d forwixamp®, 4%
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nant rit t t ter min
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I?I- t (e t Z aZNglfélfefé@rybfnbé?'hrﬁee medroank aﬂé beseﬂ;smgl%t%ﬂ%éffﬁ&wﬂi thd-tretited disease or

(9 SN (2 Cpaighd e hainhied et ol e Ryt s Bk 4 the aftber hatwauid be obtaineds. 1 -

bi phenyl Ugéapgm%llahy@nb@et@r@n@oﬁgﬁﬂsved at roomtenperature in 300 m of
et hanol . care addition of 300 m of water, the ethanol concentration

is reduced to 50% by vol une.
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.



Using a magnetic stirrer, 3.89 g of Ca(OH)2 are added slowy in small
portions to this clear, slightly acidic (pH 4) solution, so that the pH
val ue tempoo20626y does not exceed a value of ca. 8. BecaREPEPW/@RBor bs CO2
fromthe air, the Ca(OH)2 used contains traces of CaCO3; therefore the
added anount includes an excess of 5%_g§ter 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 smal | armount of fi nely divided

CaCC3 which is renpbved throu | ded fjlter. The pro ntandln
Che ol U eagPYs 5 i Raasag Bk S ANE a0 ol RSP araby & PHGaia Bted!- Dot ont

by al | Omﬁl%téé%uﬁﬁ @é]d;s%té&mraahm w&tn@rnearkadlwawr eslaslmze Th@aﬁayslwmmccel erat ed
by using a flat dish in a recirculating air drier 0C. After

concent r trahydrate of dhe dineotassiym selhef valeastan) with Atestinggrointpf 188100¢€i BAY BEops to
ca. 10% %gt\s{&eg% ?Q&?éllangchoqa @%ﬁ?nta&oan‘éﬁljg 4R c8fisn @9 1694t thil ‘?uy@rra?’e[d uct

crystallrs rt time wth 10% by vol ume
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H-tetraz am ne ca cium sal rahydrate is
obt ai nedhunrhidty,teé anhwjr@talmuhé dirpdidssiunesalbisyometde of the cal ci um salt of

val sartan, produced according to exanple 1, for a heating rate of 10 Kmin
1 and in a closed specinen container with a small internal volume is
determ nAdn@@meamﬁf:sm valvartar iig simflargrirbdiqey, msthi3nstdridel aslan diherptions sdlig of

the cryst al ci umval s n-tetrahydrate duc cor | to

el & wih 348 Heh o1, et e s haliah. o mgaB LSty BF e XS &f 0, Lo
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romtesm e crystal stru The ,opt

et r ahyaPRnETde OHES baTeiaATELIe abperch o 2 nafina edh Serdherain i preesirets
measur edya|e BEihRaRBhgé M shekifitheal, dbhifth thad th%Qﬁhgnetluin salfréfala%@ﬂaﬁ isomer

purity of the salt hydrate produced accord exagg e 1 js determ ned by

a stereoP%B%q"V|190%F1@rﬁ§9%dp‘ccﬂ‘@n%f°e? §t9r%°p °ff‘i°d3h pararaymeihoge Hicev ed
by a chi pahntioffl POty (FMi 8BmofAdls mEYReSIRMNYalt 9B beBN dbieYmingd @8leaesn ned as ee

= 100% Calculation"of the interlattice plane intervals fromthe X-ray
powder pattern taken with a Guinier canmera is as follows for the nobst
| mpor t ang, é%a@sl .for this batch of the tetrahydrate of the calciumsalt of
val sart an: n [ A1l 16.27, 9.90, 9.39, 8.04, 7.71, 7.05, 6.49 6. 34,
6.2, 5.8Prodsictan ofﬁhg@alcgmygalt@thg tetrahydrate in situ of (S)-N-(1-carboxy-2-methyl-prop-

1-yl)-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 CaCOs;
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 CaCOs , 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



4.95, 4.73, 4.55, 4.33, 4.15, 4.12, 3.95, 3.91, 3.87, 3.35. Elenentary

anal ysis gives the foll ow ng neasured val ues of the el enents present in
cal ci um wad 820€280-t et rahydrate and of water. The wat er evBCT/APIINS238aS
carried out at 130C after expulsion. The findings of the elenentary

anal ysis, within the error limts, corrgspond to the sumformla (C4 H27
N5 03) 2- Ca 2+ 4 H20 %found %calculated C 52.82 52.83 H 6.42 6.47 N
12.91 12.83 0 20.20 20.53 water 13.25 13.21 WO 02/ 06253 PCT/ EPO1/ 08253
-41- Ca 7.03 7.35 Exan;pl e 2: Production of the nmagnesiumsalt as the

hex ahydr‘é&"é,mﬁ gndmaqst gf h@g;)roqimqt gwéggillgg&ylipfﬁ@fqg, [rinSed for a short time with 10%
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yl ) - bi pheny, ne] are dissolved at roomtenperature in 600 m
of 50%b A?t etréhﬁrﬁ@ﬁ%é%%ln%?}rom absol ute ethanol - see Merck and

quarz-bidistilled water). The slightly turbid solution becones clear after
ddi f t 50
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folded filter and washed with of 50% et hanol . %’ he conbi ned cl ear
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the solution has a° tendency to harden into a assié gal’p Scratching wth a
REAHA
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pr oduct inarecirculating air dfier until reachi ng a
The enantlomer 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[A1:16.27, 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 (Cz4 Hay NsO3) 2 Ca 2t « 4 H,0.

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

water 13.25 13.21



constant weight. The yield of magnesi um val sart an- hexahydrate is 53.7 g or
95% based on the val sartan enployed as the free acid. The nelting point
for the 3a002/028F at e produced according to exanpl e2, nanmeP@T/ER&/08253
magnesi um val sart an- hexahydrate, for a heating rate of 10 Kmin-1 in a

seal ed sanmple container with a small ipternal volume, in an amount of 2.24
ng, was neasured at 132C and the nelting enthal py at 64 kJMdl -1. The
density of the crystals of the hexahydrate of the magnesium salt of

val sartan produced according to ex le 2, determined by a helium
pycnonet@, is 1.7Z88 gcm 3. This vgﬁrg conforms to the theoretically

cal cul ated value of 1.256 gcnt3 calculated fromthe single crystal
structure. WO 02/06253 PCT/ EP01/ 08253 .-42 The optical rotation of the
magnesi Lﬁm@msanan hexahydrate produced according to exanple 2 is

measur edh, ofudiBhiY %m%?n@sn&mo/ g%l{gé ﬂaxe{ ra%Qngo}g%pNWgal Sagtz'rﬂ&ﬁ -

purity of at e produced according to ex eternined by
a st ereqore;p)eeyl)FNmehﬂD@Vhfﬁ{[?.fddlH-tmcﬁ-ﬁeﬂ)dmpfmwhﬂﬂ[vlmtbﬂbamml on is achieved
by a chiral colum (Chiral AGP). The enantionmer purity is determ ned as ee
= 99.6 % Calculation of the interlattice plane intervals fromthe X-ray
powder pta.5%gnf valkantami(8rNg1-carhaxy&-metiykprapiisylpl-pfeatdnowsN{ 2 (1 HHetrams6-
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car lrl ed rﬁa@nemb sﬂnﬁ@@mst@br exfmw@werﬁhp A.) ardisegdy @cﬂde’fdhﬂ sﬁiaﬂlmﬂfoaélfoctzif .
anay5|s Wit h err Imits 0 to the sumftor a
N5 03) XigRgy %Qid'céoh%n wtﬁmva)yeaf Ao The o %‘%ﬁefe@’ HRPSIR Carﬁml”t?o 6.95 N

12. 45 1Z25r88essls dfteétéd Hhithdth 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 rod 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 kJ*Mol™.

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 gecm™. This value
conforms to the theoretically calculated value of 1.256 gecm™ calculated from the single
crystal structure.



water 19.08 19.10 M 4.35 4.29 Exanple 3: Production of the hydrate of
di -potassiumsalt of (S)-N(1l-carboxy-2-nethyl-prop-1-yl)-N

pent anoywol2/@253 1 H-tetrazol - 5-yl)-bi phenyl - 4-yl net hyl | - e@i/Re0(@B28 1.0
mole H2ZO) 5 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-Npentanoyl-N[2"-(1
H-tetrazol -5-yl)-bi phenyl -4- ylmethyl]-gnne are dissolved whilst heating
gently in 11.5 m of 2 normal potassium hydroxide solution and m xed with
320 mM of acetonitrile. The m xture is heated for 5 mnutes to reflux
(turbid solution), left without stirring for 3 days at roomterrperature
(seedi nghh %?M'@H@#ﬁt'loéqu th%’ﬁ‘agﬂes’rﬁ'dﬂrv§'sét‘ta'@f@exal‘l1¥9"%PFF&UCP?’ gaerding *Yecant ed.

The WO 02/064e3 |£x9£é§Pr@éArO§%ﬁ?anoré!§aqw&|@tdﬂ 6[§ﬁ"g§4 siyashed twice with

acetonitrile and then dried in the air urs until reaching a
const ant Thgeenrgitiomespurily of thessalidprate @EQ@WPd QP%W!DQ)VP )?X#mf@'érﬂ laﬁsgﬁrmmepivy- (1
H tet r(af';?% %) - efcufﬁ' HPES Wetod! ! 'ﬁfé%}l pot i‘ﬂ@ sgﬂ)é}gﬁ ’r%' @{jb}l'éyéﬂﬁréf eis

obt ai ne wat er per sium salt ng point in a
cl osed smmmhlmﬁﬁﬁ)nameu@ammrpmmﬂqme&m %F§96c%=4 H27 N5 03 K2,
3.72 H2O, nolar nmass 578.72 % found % calculated C 49.90 49.81 H 5.92
6.00 N 12.14 12.10 0 18.55 18.58 water 11.58 11.58 K 13.50 13.51 X-ray
di f f r act Calnuldiieyoeidhe indadaitieziptane intemvalsdioht theof-taysrawdegpatieradakencwith a

Cupertin : I 3L ijs : |
ot enst 1 R o OoniSioP MR A6t RS (0Pl Bah 8P e Magndlih .
salt of weaéesmntlmahymhtees given in 20 in: 20 in O Intensity 4.6 strong
8.8 medi UM 4 1.19.78, 10.13, 9.84, 7.28, 6.00, 5.81, 5.67, 5.21, 5.04, 4.88, 4.21, 4.18, 4.08,

3.95, 3.46, 3.42.

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 ( Cz4 Hzz Ns Os) Mg * « 6 H,0.

% found % calculated
C 51.03 50.94
H 7.00 6.95
N 12.45 12.38
o) 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 (S)-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 (S)-N-(1-carboxy-2-methyl-prop-1-yi)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine are dissolved whilst heating gently in 11.5 ml of 2 normal potassium
hydroxide solution and mixed with 320 ml of acetonitrile. 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



9.2 strong 11.1 weak 12.5 weak 14.8 strong 15.3 weak 16.4 nedium 17.8
strong 18.2 nedium 18.4 nedium 18.9 nedi um WO 02/ 06253 PCT/ EP0O1/ 08253
-44 20. 4wedt/ois3 21. 1 weak 21.3 nmedium 22.3 weak 22.5 BCT/BR/0823. 1
medi um 23.9 strong 25.6 weak 26.6 strong 26.9 nmedium 28.1 nedium
Preferred are hydrates conprising the gdiumand strong intensity peaks.
Table 11: Crystal data and paraneters of the hydrate of the di-potassium
salt of valsartan Crystal data sumformula (C24H27N5(B) 2- 2K+ . x H20
=3.511.0 nmol ecul ar mass 574.78 crysta t.em ort horhonpbj c ce gro
|(3)2(1212 crygtallisate is \}\J/ashed tw?cse with aceton(ftri esan thgx %lriecgnln t'ﬁe a?r for gg hourssu%ﬁ] group
reaching a constant weight. (S)-N-(1-carboxy-2-methyl-prop-1-y!)-N-pentanoyl-N-[2’-(1H-
tetrazol-5-yl)-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: Cp4 Hzz N5 O3 Kz, 3.72 H,0O, molar mass 578.72

% found % calculated
C 49.90 49.81
H 5.92 6.00
N 12.14 12.10
0] 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 CuKo radiation.
Reflection lines and intensities of the most important lines of the hydrate of the di-potassium

salt of valsartan, values given in 26 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



a (A 38.555(2) b (A 7.577(1) c (A 10.064(1) V (A3) 2940.0(5) zZ 4
F(000) 1212 Dcalc, (g.cm 3) 1.286 nunber of reflections for cell

par anmet eng0 8504253 ange for cell parameters () 30-38 p. ( MmPCBERE/08253
Tenperature (C) 23 crystal shape prisnms WO 02/ 06253 PCT/ EPO1/ 08253 -45
crystal size (mm 0.63x0.20x0.14 crystgl_ colour colourless Data
collection diffractoneter Enraf Nonius D4 radiation (graphite

nonochr omat or) CuKa wave length (A) 1.54178 scan node co /29 scan range
(0) 3-74 absorption correction none nunber of neasured reflections 3450
number of observed ref2@étions (1>2(7(1)) 2867 h rangeediu® 40 k range
-9-40 | range -12-40 ngyrper of standard reflections 3 gugry 120 mns
variation in intensity 5% Structure refinenment

21.3 medium
22.3 weak
22.5 strong
23.1 medium
23.9 strong
25.6 weak
26.6 strong
26.9 medium
28.1 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 (CagH27Ns03)*2K* . x H20 (x=3.5:+1.0)
molecular mass 574.78
crystal system orthorhombic
space group P2,2,2

a (A) 38.555(2)

b (A) 7.577(1)
c(A) 10.064(1)

V (A% 2940.0(5)

Z 4

F(000) 1212

Deaie, (.cm™) 1.286
number of reflections for cell parameters 25

0 range for cell parameters (°) 30-38

n (mm™) 3.24
Temperature (°C) 23

crystal shape prisms



refinenment nmethod refinement on F2, conplete matrix nunber of paraneters
341 R 0.069 RWO0.182 S 1.57 nunber of reflections used 2867 treatnent of
H at ons 'WOd/mg33 apart fromthose of the water nol ecul eBCWRPEINSRES e
ignored Alumax 0.24 extinction correction 0.0010(5) maximunm m ni num
residual electron density in final diffgyence-Fourier calcul ation
0.815/-0.676(eA3) absolute structure paraneters -0.02(4) WO 02/06253

PCT/ EPO1/ 08253 -46- Programres used SHELXS86 ( Sheldrick, CGottingen),
XHELXL93 (Shel drick, Gottingen), SCHAKAL92 (Keller, Freiburg) Exanple 4:
Pr oduct i @bstat siteenm) - pot assi um sal t of 0.63x0.20x0.14

(S)-N-(1: »2- met hyl - prop- 1-yl ) - N- pe <N [2'-(1

Htet raz% -&éPﬁ%{rbi phenyl - 4-yl met hyl ] - am %@”@%S of
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-Npentanoyl -N-[2'-(1

Htet razBI '56#?//531‘{1#} phenyl - 4- ylnmethyl]-am ne are dissolved in 200 mM of

et hanol . gﬁ of water are added, the solution cooled to OC and then

m xed w diffrdsfordetat of 2 nornmal pot assi um trdaidloes €ADdt i on. The m xture
is concentrated by evaporation on a rotary, aporator, evaporated again
with eacf?d'ag‘f’"t(o‘?%@%e 'ﬁﬂﬁo%@?‘ﬁtﬁ” rile, an ied in a high vacuumfor 15
m nutes @hvéRagthltA¢ product is dissolved 194280 m of a hot m xture of
acetonitrile/water (95:5), mxed with an additional 110 m of

acet oni t $¢3NgNogg | owed to cool and seeded #/2a. 30C. The mixture is left to
st and fg(;avfrtaﬂ&%iegat roomtenperature and dijtered by suction. The residue

i s washe tonitrile/water (95:5) and dried in a high vacuum at 80C.
(S) - N- ( 1laksarptiayscregtiorhy | - none

number of measured reflections 3450

number of observed reflections (1>25(1)) 2867

h range -48—0

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 F?, 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", apart from those of the water

molecules ,which were ighored

AN Gmax 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)



prop-1-yl)-Npentanoyl-N-[2'-(1 Htetrazol -5-yl)-bi phenyl - 4-yl net hyl ] -am ne
di potassiumsalt is obtained as a white powder. Melting point >300C.

El emrent awo aned2ysi s: The material obtained is hygroscopi cPandPeis2ize
equilibrated in the air (C24 H27 N5 03 K2, 3.96 nols H20) % found %
calculated C 49.15 49.44 H 6.02 6.04.4g\ 11.91 12.01 0 19.18 19.1 water
12.23 12.24 K 13.4 13.41 WD 02/ 06253 PCT/ EP01/ 08253 -47- Exanple 5:
Producti on of the di - sodi um salt of

(S)-N-(1-carbox thyI -prop-1-yl)-Npentanoyl -N-[2'- (1

H- t et r az 62N SlS’? Phenyl - 4-yl nethyl]-anine 1 g of
(S)-N-(1-carboxy-2-nethyl - prOD 1-yl) - N- pergamoydseNshéldrick, Gottingen),
Htetrazol -5-yl)-bi phenyl -4- ylnethyl]-amne is dissol ved in 59

ethanol, mixed with 2.3 m of 2 normal sodftEXURP(PBRIAtEK &ﬂﬂmqeah and

concentrated by evaporation, and the resi disHARARYARRIIAEL g%lmr%,)h each of
et hanol and ethyl acetate. The white residue is stirred in hot acetonitrile

and filtered by suction at roomtenperature. Drying in a high vacuum at

80C over g?éﬁﬂ@lte dields (S)-N(1-

car boxy- Z- rop- 1- N- pent anoy| 2' -

Htet razBroolsucw) ofghpﬁlen«)ﬂas&umlaaﬁtohﬁ)}hléh«pw OX\it miwht?r@ai ViAspentaneyl-&-
owder . 6 di scol ouration at 295C.

P Pﬁ; I ra98l'§§lq_% é.)‘?)@hfl @%eﬁ@@%ﬁ@

El enent a ySI's talined (hygroscopic) can be
equilibrated in the air (C4 H27 N5 03 Nat, 5.36 nols H2O, nol ar nass

226 425)23%%%00? Qg N/O(‘l) %Efb%g(?tzqﬂethﬁ é’gp %%Im-p%ﬁtantkrm ?21 (ﬁ-l ?eQrazH 51%) g%héﬁyllﬁ 0
yimethyl]-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 (95:5) 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-yimethyl]-amine dipotassium sait
is obtained as a white powder. Melting point >300°C. |

Elementary analysis: The material obtained is hygroscopic and can be equilibrated in the air
(024 H27 Ns O3 Ks, 3.96 mols HQO)

c 49.15 49.44
H 6.02 6.04
N 1.1 12.01
0 19.18 19.1
water 12.23 12.24
K 13.4 13.41




water 16.75 16.76 Na 8.09 7.98 Exanple 6: Production of the magnesium
salt of (S)-N-(1-carboxy-2-nethyl-prop-1-yl)-Npentanoyl-N [2'-(1

H t et r azovo 52/¢d253 bi phenyl - 4-yl nethyl]-am ne 5 g of PCT/EP01/08253
(S)-N-(1-carboxy-2-methyl-prop-1-yl)-Npentanoyl -N-[2'-(1

H-tetrazol -5-yl)-bi phenyl -4- yl nethyl |-g0 ne are added to a suspensi on of
0.666 g of magnesium hydroxide in 20 ml of water. 40 m of nethanol are
added, then the m xture is stirred for 2 hours at room tenperature and
concentrated. The residue is dissolved in nmethanol, filtered through a
hard filE¥MPgdncentrated and evaporated with acetonitrile. The product is

stirred piddichthf of\hd @%&ﬁ?rﬁ%aﬁ’@fr (sgd?@é-v &&B&&/-z rrfé@nyl-ﬁﬁﬁ:’f-ﬂpll)-ﬂ\f pérRandyl-Ntjpred by

suction at roomtenperature and dried in a high vacuumat 90C over night.
(S) - N- ( 1tEkieazg-S heiphgmyY-Ardpetyleming pent anoyl - N-[ 2 - (1H-tetrazol -5-yl)-b
i phenyl -4- yl nethyl ]-anmi ne magnesi umsalt is obtained as a white powder.
Melting point: The sanple becones browni sh upon heating and vitrifies

t owar ds 3@@@(SErNéirsatb&P<yr2amauhylsnr§p 1eyaN{rentangylds 31 H-tetegoheyR-bighenyirb| ar
mass: % 88

Ta. 78 ooyl amf RSN s Syikhol il A 2.8 eiol 2 b pRId. 001 e
cal ci um bydroxidé sozlsst;omamdlc@mebtsatydbymamvm @pdiheyte)smep%ﬁvmed Mith2' - (1
Htetrazglan fyétl)na@'l 8&? Eﬂyf acéfét@ﬁt@% I'}\@ri%é?&uesls% IIQ%\E tnzho_t ('afetonltnle and filtered

(S)-N(1- SArD pent ano
Htetrazby sﬁetiph)a{ tnth&myﬁerdturqzl Dwyirtgyih p-ragh muamt@@ﬁ@@vemightsydm@e@*}mm -of

0. 851 f cal d h..200 ni

R L L e e e

concentr a.’rssetum/saﬂ\a@@wﬁrté powder. MaRSsointTRNEIEIPC; Biowdishvdisdblaeaianatt ril e),
295°C,

Elementary analysis: The material obtained (hygroscopic) can be equilibrated in the air (Cz4
Hz7 N5 Oz Na,, 5.36 mols HxO, molar mass 576.05)

T 2979 50.04
H 6.51 6.60
N 12.00 12.16
0] 23.44 23.22
water 16.75 16.76
Na 8.09 7.98
Example 6:

Production of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoy!-N-
[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl}-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 m! 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



stirred in hot acetonitrile (wth a trace each of ethanol and water) and
filtered by suction at roomtenperature. 0.95 g of the salt are heated to
reflux i wQo02zed2sdf acetonitrile/water (1:1), whereby the rPeT/EPUres23s nost

di ssolves. The mixture is allowed to cool to roomtenperature, mxed with
20 M of acetonitrile, filtered by suctfjgpn and washed twice with
acetonitrile/water (1:1) and dried over night in a high vacuumat 80C

Mel ting point: from 300C (deconposition). Elenentary analysis: C24 H27 N5

03 Ca, 1.71 nots H2O, nolar mass 504.39 (water = eval U%’[IOI’I carri edo out
after exfgtiigle, HFG%@E)SUC\}@ dioremiemp rEP@ﬂPdS‘éﬁBa lghg/acHim @t §9°C over

cal cul at ﬁight ((:S%ﬁ (Q%aﬁ;ox%ﬁz rrJé‘tr%/i él%pﬁ} HEN- ﬁ\én%o%ﬁNJ[@ @ﬁ-tegaﬂtﬂﬁ% bipRdrA-45. 12

6.11 - roducti onof nono- pot'assi um sal t of

(S)-N-( ]ylmgt’rtyﬂ-;aynnge m@gnyelumsﬂﬂ_lqoptpylemqg@w@mwdqq_ Memr\g]pomt The sample
Htet I
R el B e

Htetrazol - 5- yI) bi phenyl 4- ylmethyl]-am ne are suspended in 20 m of

wat er an xi de sol uti on.
The m xt glre@en ar%?pz%ly%% (326?'2%' Q?r'@f é’séég{r]\ %%t%‘#ég]owrﬁi 8§ et hanol ,
wher eupon a col ourl ess solution is obtai ned The mxture is concent r at ed by
evapor at--oen ea{"L? £6--0HEE- ”‘";J{ R tenitrile and |yophilised from
tert. b[xt anol i wijt 'ﬁ ‘é{’q Tace off. emgntary analysis (after
equi | i brgtTton in td”qeg@.l ). C22F1-62)733\l5 03 Ca 1.69 nols H2O, nolar nass
504. 06 (water evagluation carri ad_out_af Tgr__eJ pul sion at 150C). % found %
calculafdd C 57.|31%7.19 H 6.|%1%.27 N 1361 13.89

N 14.88 14.78

O) 13.13

water 3.39 3.38

Mg 4.74 ‘ 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-yI)-biphenyl-4-
ylmethyl]-amine are added to a suspension of 0.851 g of calcium hydroxide in 20 mi of
water and then mixed with. 200 mi of ethanol. The mixture is stirred for one 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: Ca4 Hoy N5 O3 Ca, 1.71 mols H;O, molar mass 504.39 (water

evaluation carried out after expulsion at 150°C).



0 14.58 14.89 water 6.04 6.04 K 7.72 7.76 Exanple 9: WD 02/ 06253

PCT/ EPO1/ 08253 -50 Production of the magnesium salt as the hexahydrate of
val sart arw®y2/es28@mt er - equi l i brating process. 1600 g of vaPEHEP@sassd 6820 ¢
of isopropanol are stirred to forma suspension in a m xing container at
roomtenperature, and added to an 80 lifyre glass receptacle with a stirrer.
The mxing container is rinsed with 3919 g of isopropanol in portions and
the rinsing solution added to the main m xture. After adding 3800 g of

dei oni sed water, the mxture is transfornmed into a honbgeneous sol ution by
stirring. Then, 156.3 g of nagnesi um oxide, suspended in 1520 g of

dei oni sed—wat-er; Tar ., gided and T e Saspgnsr o suppl enented with 1000 g of
dei oni ded wat er VFO&JWgV\Av St r/f[’ gagﬁ%] . room+tehperature, the nagnesi um

oxi de [gpes into|se6lastion. The|pHAMpal ue of thejresulting solution is ca. .
7. 2. By—addi-nrg—aiturther—2-5—grof—gragrestumoxide in small portions, the pH
val ue i|dlraised {8, 8.3. Thq ‘éroedsul ting mxture is turbid owwng to

undi ssqfiyed partiqBgy of unknowatggpe i n the mhagnesi um oxide. This mxture

is transferred through a ¢ litre enanel boiler and the
glass |r@ceptacl ¢ and the tran f14:94 ube are rihsed with 885 g of
i sopro L —amnd 52560 of —det omi —water. For|mld concentration, a vacuum

is credted in the boiler to anlinitial theoretical value of 89-100 nbar,
Wth a jt@aperatun&.®f the heatiPdedi um of 45{50C and a boiling

t enper atvre—ef—the—mxture—of —37+~40€—atotal—0f 13.66 kg of aqueous

i sopropanol is distilled. By lowering the distillation pressure to a final
val ue ofexddingi®8r and sinmultaneously raising the heating nmediumtenperature

to 65C, the appunt of distillate i ' ased tq, a total .12 kg. . 9300
g of et h@/"lod'alﬁtl?f‘a‘g &e MeNPRAAFSHM ?@f@f (gs]-ﬁﬁ\-/cgrg%y%éweﬁ@-prsog?{-w%&- aﬁﬂ%ﬁ’éﬂ'e as
seedi ng QUS4 Blistrazd-8- ryp4t thgl-bmihecont ent whil st stirring. Finally,
a furtherr[6§80 g of etypglﬂﬂ;bcey?atygﬁ%rg! di spensed in and cooling is effected
to room tenperature whilst stirring. The stirring procedure is maintained
for at |2gek (SANIRLamox]RamemySREPILAMNIsentdnos- {2 eHAsddor Sypibihenprer
filters. nmoi st filter cake is thus obtained. The boiler Iaé%l’l nsed with
1171 g oY'meitylliamipe pea tusprRdet® 39 MEPTWARE s mef Yithae®q Bl kR A NPHRA) i | t er

potassium hydroxide solution. The mixture is stirred for 30 minutes and mixed with 50 ml of

ethanol, whereupon a colourless solution is obtained. The mixture is concentrated by
evaporation, evaporated once more with acetonitrile and lyophilised from tert.-butanol (with

a trace of water).

Elementary analysis (after equilibration in the air). C24 Hz; N5 Oz Ca, 1.69 mols H,O, molar

mass 504.06 (water evaluation carried out after expulsion 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:



cake. Drying of a partial anobunt on netal sheets in a vacuum drying chanber
at 50 nbar pressure and 40C oven tenperature for 6.5 hours until reaching
a constamwowsidghi yields a dry substance. The physical deCHEP@E#Sess al |y
the X-ray powder pattern, correspond to the magnesi um hexahydrate salt of
exanpl e 2. WO 02/ 06253 PCT/ EPO1/ 08253 .51- Exanple 10: Production of the
calciumsalt of valsartan as the tetrahydrate. 1600 g of val sartan and 7000
g of ethanol are stirred to forma suspension in a mxing container at
roomtenperature, and added to a 35 litre enanel boiler with a stirrer. The
m xi ng dundudtionof the mageesiumisel ag doohexabydigicelivaisarian by Walsseayitibrating

rinsi ngepggéeté%i on added to the main mxture. After adding 9000 g of

dei oni s water, the mxture is transforned into a honbgeneous sol ution by
stirring. Then, 272 g of cal ci um hydroxi de, suspended in 1500 of

g
dei oni se ter r t. i Ny of
dei ont setpofl & vai gl BuilRpaBY o IHhGUTRPRY oS ORFIERIEEAH | 4o
hydr oxi centpives at ndcon tesoperatune.antreeldpdity ah 86 live glase recaptadeé wigh astier. ofhd s

ca. 6.9. By adding .a furthe f ' A | . e i

o sed g conlsiter s inbelh 18 I el bonPBaR ITHPRE 4N e BRoHRBROT e

Part i ?l mc(gd?dr)] mmmEmhmgf A)t;alf thdjrirge?mﬂ ggfédtfip?fided)whtbe,. tlhé' itr;i\i).stlurd ist u(rj et ihs
ransferre rQu candle filter to a. re e oil er and e

ol ass r EANSIoIRIed THAF NGrReIsNEaHS eition B Stiab. Mtk dBRAFOLMEUIRUB RN 1048

g of et harpbndyirin 1620 gofafeichidedrwater ars\addud arfdohe Bubsbrsioncstippleaientadl with

vacuum i s creat ed in J he bogl e[ 0 a.t heor eti cal (\%Il ue,of 100-120 .gbar.

Wth a tE00 ek dginigqd WalerhBY SIoNly SHEERY AL repmdgmPsBRIrg e nagliepiupyoxide

t enper at 44 ifo doliffioA] ﬂ’ﬁé{_ﬁﬁ vafuehe 4Gting sblotic is@la. 1.2. 3% &dHimyf a fftthleeUS

ethanol 1s distilled. e di ssol ved sal twﬁ%lstal | i ses spont anﬁousll}{ti during

the cour2é o5 reagnesiumexigs in sl Putianse g He &piaisesiio CReB-8nd Ngresulting

di stil | afixRie isStuRA@bRfhg 18 WFRissiFedPhtisles BF LAKAONG tw@@ﬁh the rﬁédﬁééiﬁﬁ olidy. ca.
16 hours at 5C. The suspension is then filtered through Buchner filters.

The boiler is rinsed with a m xture of 3600 mM of deioni sed water and 400

m  of etﬁﬂé‘ﬁ%xt kﬁg,n%héf%%&thréﬁgms cSRAL Bifler 1B 2785 litA6hdnh& bbilelHinadhe kY € 1S
tHe ilTter t fil

used to was cake. moist filter cake is thus obtained. Drying
of a parrteceptaggsudithe transferiubs e tiasadwith §8aghisgpipago! apdaiBag eft 50 nbar

pr essur e300 4PFaRRY.e Bol AP E6HNEEdP a vaSuliAYE Srelftid ih tAEEGRY Rarfinitial
theoretical value of 89-100 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.



constant weight yields a dry substance. The physical data, especially the
X-ray powder pattern, correspond to the calcium tetrahydrate salt of
exanpl e WOoBxespi e 11: Hydrate of val sartan di sodi um sal t PCRER01082530 nol e
H20): WD 02/ 06253 PCT/ EP01/ 08253 -52 50 m of 2N sodi um hydroxi de sol ution
are added dropwi se at ca. 25C to a soluyion of 21.5 g of valsartan in 200
m of isopropanol. The clear solution (pH ca. 7.2) is concentrated under
vacuum at ca. 40C. The anorphous residue of the disodiumsalt is suspended
in 100 m of isopropanol, and water is renoved by concentrating under
vacuum once nore at ca. 40C and degassi ng. The anorphous residue is
suspendgﬁ '|:3%|§§0m of acetone and 2 ml of water at ca. 40C. At ca. 25-30C,
200 m —-butyl met hyl ether are added, whereby constituents that are
i ni ti al | Qroduetinyof dheecajeinusitiof valsanart as thedetratysiratecr ystal | i ne  suspensi on.
After stirring over night at ca. 25C, the suspension is cooled to 10C and
after ca. 1 hour is filtered by suction whilst excluding atnospheric

noi st ur e16004s bff vedpariaarandadoed g qn‘l eib:mol\htdnstm@drtb farn a eugpenbionyh aevikippet her .

Ihe o) S50 e S B s PP ey 20
anal ysi smixfefcorfaind¥ds fidsddawith 200049 Df)bthahﬂ@m potions dndtheainsin gedohadion@daled03
Xray di PRPGRAR ARG A Fodne 8000 8" ApRDeed et Pttt Lh e oty
| npor t ang hbinbgénecdk sbligion @y;eﬁ.tnabJ Then mm@bfeca»&numhgdmxmdsmepeaaéa |er500
05014, ol SEPHG IR BRAEPAN 31 TirperEPR SuPREmoRe gty 19809 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 Blichner filters. The boiler
is rinsed with a mixture of 3600 ml of deionised water and 400 ml of ethanol, the mixture
being cooled 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 Hz0):



9.1 strong 13.3 weak 13.7 weak 15.6 nedium 16.4 nedi um WO 02/ 06253

PCT/ EPO1/ 08253 -53 17.2 nmedium 17.9 nedium 18.7 nedium 19.6 nedi um

21. 3 nmediwon2/@Rs® nedium 22.8 strong 24.0 weak 24.8 weBKT/EP&H/B23%ecak

26.5 medium 26.8 weak 27.3 weak 27.8 weak 28.6 weak 29.4 weak 29.9
nmedi um Exanple 12: Hydrate of the val sgrtan dipotassiumsalt (3.4:t 1.0
mol e H20): 6.9 g of potassium carbonate are added at ca. 25C to the
solution of 21.7 g of valsartan in 150 m of acetone and 20 m of water.
After stirring for 2 hours at ca. 25C, an alnost clear solution is

obt ai ned50 whot2N sedivmryerxide saution ate added ropwiseaat c8025Walor sawipsveft ure. 55

oo, PSR ARl e TN el e v sy
of tert.ukidr yhominhyt €i.46rCJ The amorphous residue of the disodium salt is suspended in
100 mi of isopropanol, and water is removed by concentrating under vacuum once more at
ca. 40°C and degassing. The amorphous residue is suspended in 75 ml of acetone and
2 mi of water at ca. 40°C. At ca. 25-30°C, 200 ml of tert.-butylmethylether are added,
whereby constituents that are initially smeary are gradually transformed 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: Cz4 Hzz Ns O3 Nay, 2.44 mols H,O

C 565.03 55.07
A 6.16 6.14
N 13.38 13.38
o 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
18.7 weak
15.6 medium
16.4 medium




di spensed in. After stirring at ca. 25C, the easily stirrable crystal
suspension is cooled to 10C, stirred for at |east one hour, filtered by
suction avaomeebed with 20 ml of tert. butyl methyl ether. FORER®I/ESLS3filter
cake is dried over night at ca. 30 nmbar and at 30C. A colourless, slightly
hygroscopi c crystal powder is obtainedgf] enentary analysis: C24 H27 N5 03
K2, 3.42 nmols H20 WO 02/ 06253 PCT/ EP01/ 08253 -54 % found % cal culated C
50.37 50.28 H5.87 5.95 N 12.24 12.22 0 17.92 water 10.76 10.75 K 13.4

13.64 X-ray diffractign diagramnmeasured with the diffragtoneter Scintag
Inc., Cupertino, CA 95014, U¥/#sing a Cuka r &fi%Ton. Reflection Iines and
Intensities of the nost inportam |ines of thenddwglhate off the di-potassium
salt of valsartan, vallues given_in 20 in 20 in O Intensity 4.9 strong 9.4
strong 11.4 weak 12.!8 weak 1340 weak 15.0MRHAM 15 6|weak 16.6 medium
18.0 weak 18.5 weak |[18.9 weglg 20.7 weak medium

21.3 medium

21.9 medium

22.8 strong

24.0 weak

24.8 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

Example 12:

Hydrate of the valsartan dipotassium salt (3.4 + 1.0 molé H.0):

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 ml 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: Cz4 Hzz N5 O3 Kz, 3.42 mols H,0



21.5 weak 22.0 weak 22.7 nedium 23.3 weak 24.1 nedium 25.6 weak 25.8
weak WO 02/ 06253 PCT/ EP01/ 08253 -55 27.1 nedium 29.4 weak Preferred are
hydr at es WwOnpod2s3 ng nedi um and strong intensity peaks. EREBP&/(B333
Val sartan cal ci um magnesi um m xed salt: 21.5 g of valsartan in 200 m of
i sopropanol and 100 m of water are stigyred for ca. 3 hours at ca. 25C
with 1.5 g of magnesium hydroxide and 1.9 g of cal cium hydroxide. The
practically clear solution is concentrated in a vacuum at ca. 50C. A total
of 240 m_of ethyl acetate |s added with 1rring to the still warm
semi-solid? resi du@’omrd’l co ail 176 calegi Water. Upon stirring over night
at ca. PRRE~THItI 3 sttcky btébtéd.u p transfornmed into a
honmobgengdus suspe?‘?gf The sugpeinsion is filtered by suction and washed
with 20 gl of ettsy$7acetate Theosoi st filter cake is dried in a vacuum at
30- 40C. L A—colourtess erystal—powder—s—ebtai ned. The X-ray diffraction
di agr am E‘orrespord@%‘b a congl cr?@rzgte of cal ¢ciumtetrahydrate and
nmagnesi i@y hexanydrate from exafpizezl and 2. Exanpl e 14: Val sartan
bi s-di ethyl ammonilum salt: 1 5 g of diethylamne are added dropw se at ca.
25C to |Wetesol uti|d®.78 4.35 g ¢flOvdl sartan {n 60 nl of acetone. After a
short tpe——crystglzbisatiom sty 3y4bets T After stirring over night, the
crystal|l'sate is f|3I%ered by SLctlon at ca. P0C, washed with cold acetone
and dried in a vacuumat ca. 50C. A colourless crystal powder is obtained.
El ementary anal ysis: C32 H51 N7 03, 0.1 nots H20

X-ray diffraction diagram measured with the diffractometer Scintag Inc., Cupertino, CA

95014, US using a CuKa radiation.
Reflection lines and intensities of the most important lines of the hydrate of the di-potassium

salt of valsartan, values given in 26 in °:

20in° Intensity
4.9 strong
9.4 strong
11.4 weak
12.8 weak
14.0 weak
15.0 weak
15.6 weak
16.6 : medium
18.0 weak
18.5 weak
18.9 weak
20.7 | weak
21.5 weak
22.0 weak
22.7 medium
23.3 weak
24.1 medium
25.6 weak

25.8 . weak



% found % cal culated C 65.82 65.84 H 8.90 8.84 N 16.84 16.80 WD 02/ 06253
PCT/ EPO1/ 08253 -56- 0 8.52 water 0.34 0.34 X-ray diffraction diagram

(refl ectivomo0t/06263 and intensities of the nost inportant |PEEEPIIORL233he
crystalline bis-diethylamoniumsalt 20 Intensity 4.7 weak 8.5 strong

9.3 strong 10.8 strong 11.3 weak 13.4 strong 14.0 nedium 14.3 weak
14.9 nmedium 17.1 nedium 17.4 nmedium 17.6 nmedium 18.3 weak 19.0 nmedi um
20.0 weak 21.2 nedium 21.6 weak 22.4 medium 22.7 weak 24.9 nedium

27.1 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 mi 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 crystal

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 salt:

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.




25.2 weak 27.0 weak Exanple 15: Valsartan bis-dipropylamoniumsalt: 2.1
g of dipropylam ne are added dropw se at 25C to the solution of 4.35 g of
val sart aw@n2/0@8 m of acetone. Wen crystallisation has BET/EPeI/08233e
tenperature is raised for a brief WO 02/06253 PCT/ EP01/ 08253 -57 period to
40C and is allowed to drop to roomtenpgrature over ca. 2 hours. After
stirring over night, the crystallisate is filtered by suction, washed
twice with 15 m of acetone and dried in a vacuum at ca. 40C. G anul ar

crystal s _are obtained.  FElenent C36 H69 N7 03, 0.05 nmols H2O %
f ound 'chaI culajed C 67.74 67|8F2H 9.32 9.83 N 15.36 15.35 0 7.64

wat er (I3 0 T4 Kgrgy diffractigspiagram (reflection lines and intensities
of the m)s | npoftant lines) off the crystalline bis-dipropylammoni um salt

28 Intensity 8.5 strong 8.9 weak 9.4 strong 10.0 nmedium 11.2 weak

11.6 m%—raylozxfféac%ﬁéiag}a?fﬁ %reﬁéétl%ﬂgﬁneégng in?ér{sﬂfég of 4?145 rﬁog‘ﬁmﬁor’tant 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
17.1 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 salt:

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

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



14.7 weak 15.1 weak 15.6 weak 16.0 weak 17.0 nedium 17.9 nedium 18.7
strong 19.9 weak WD 02/06253 PCT/ EPO1/ 08253 -58 20.4 weak 20.6 weak
21. 0 strovgo2/@Rsy weak 22.3 nmedium 23.1 strong 24.5 weBKI/EP&/(B238edi um
25.8 weak 26.7 weak 28.6 weak Exanple 16: Bis-di butylamonium salt of
val sartan: A solution of 2.15 g of valsggrtan in 30 mM of acetone is m xed
wth 1.4 g of dibutylamne at ca. 25C. Crystallisation sets in after a
short tinme, and the thick suspension is gradually diluted with 20 m of

i sopropyl acetate over ca. 1 hour. After stirring for 4 hours at ca. 25C
t he cryduesiod tade’G éﬂ%tﬁeﬁilowdé%étquﬁ roQUA $$TERETAIMIe 8VEl 93 2NPURT. After| S%‘ﬁgopyl

acetate c%?' @m Oﬂg?taﬂls lgqymgréab Qetion, %Fﬁé’cﬂvﬁéeswutﬁhs anfolf xcé}m aﬁ&op: c

crystal enentary analysis .
H20 f oumme%m alvauunanau ca.@0°C, .Granular crysigl. 876 obRirsgl.

Elementary analysis: Css Heo N7 O3, 0.05 mols H2O

C 6774 ~ T 67.69
m 932 9.33
N 15.36 15.35
o 7.64
water 0.13 0.14

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

crystalline bis-dipropylammonium salt

20 Intensity
85 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
156.1 weak
15.6 weak
16.0 weak
17.0 medium
17.9 medium
18.7 strong
19.9 weak




H9.79 9.75 N 13.89 13.94- 0 8.01 water 1.33 1.33 X-ray diffraction
diagram (reflection lines and intensities of the nost inportant |ines) of
the crysw@b2/04283 bi s-di butyl ammoni um salt WO 02/ 06253 PCTPEPERIIOB2B3 - 59
25 Intensity 7.5 very strong 8.5 nmedium 9.7 strong 12.7 strong 13.3
weak 14.1 strong 15.1 medium 16.4 stggang 17.7 weak 18.2 weak 19.5
strong- 19.9 nedium 20.5 nedium 21.4 nedium 21.9 nedium 22.2 nedium
22.6 nmedium 23.0 strong 23.7 weak 24.2 weak 24.7 nedium 25.7 medium

20.4 weak
20.6 weak
21.0 strong
21.7 weak
22.3 medium
23.1 strong
24.5 weak
25.5 medium
25.8 weak
26.7 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 m} of isopropyl acetate over ca. 1 hour. After stirring for 4 hours at ca. 25°C,
the crystals are removed by suction, washed twice with 10 ml of isopropyl acetate and dried

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

Elementary analysis: Cso Hsz N7 Og, 0.5 mols H.O

c 68.25 68.30
H 9.79 9.75
N 13.89 13.94
) 8.01
water 1.33 1.33

X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the
crystalline bis-dibutylammonium salt



26.0 weak 26.5 weak 28.8 weak Fornulation exanple 1: Directly conpressed
tabl et: No. Ingredient proportion per batch proportion per [g] tablet core
[mg] 1 wabszed2ah cal cium salt tetrahydrate 134.24 80 WO PQI/BBRAB253

PCT/ EPO1/ 08253 -60 2 Avicel PH 102 (mcrocrystalline 60.408 36 cellul ose)
3 lactose (crystalline) 96.1494 57.3 _4gcrospovidone 7.551 4.5 5 aerosil
200 (silica, colloidal "'0.839 0.5 anhydrous) 6 magnesi um stearate
(vegetable) 6.2086 3.7 Ingredient no. 1 is sieved through a 0.5 nm sieve

and m xed for 15 m nutAes_J_n_a_Iw_bul_a__w-t-b—u—nI%é-edl—em—s—_ 1-6. Tablets are
conpress using a singlle punch 4fabl et press wi t Miches [of a dianmeter of
8mm Formul ation exanpl e 2: Tabt et produced Qynr r conpaction: No.
| ngredi ent proportion|{per proportion per bat (;’jgi-' tabl et core [ng] 1
val sartan nmagnesi um Sﬁl|t hexal®&ir ate 400 80 2 Rawel  PH 102 _
(mcrocrystalline 27054 cellgd ose) 3 crospovgt%}{%e 75 1% 4 aerosil 200
(silica, colloidal anhydrous) 7.5 1.5 5 magnesium stearate 15 3 6
magnesi um stearate 7.5 1.5 12.7 strong

13.3 weak

141 strong

15.1 medium

16.4 strong

17.7 weak

18.2 weak

19.5 strong

19.9 medium

205 medium

21.4 medium

21.9 medium

222 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
[a] tablet core [mg]

1 valsartan calcium salt tetrahydrate | 134.24 80




I ngredients no. 1-5 are m xed for 50 m nutes and conpacted on a Freund

roll er conpactor. The band is mlled and after adm xi ng i ngredient no 6,
conpr essado 0106253 abl et s using a single punch tabl et presBCWEPH/(Sa3ches of
a dianeter of 8mm WD 02/ 06253 PCT/ EP01/ 08253 -61- What we claimis: 1. A
salt of valsartan, selected fromthe gg gup consi sting of the nonosodi um
salt, the nonopotassiumsalt, the disodiumsalt, the dipotassiumsalt, the
magnesi um salt, the calciumsalt, the bis-diethylamoniumsalt, the
bi s-di propyl ammoni um salt, the bis- diputyl anwonium-sal-t—the

mono- L-[aa gi ni| MeicsbPH,10eHmidsoerystalingi ni h80-488+t . t he “monlo?d - | ysine salit and
the bid-L-1ysin Saht, as well as salt m xtures theredf. 2. A salt
accordijng to @" in crystalline, partially crystallline or anprphdus
form |3 Theﬁla:wdsy(umsminte)or the rragn=861]14r%alt of val®ABtan accor di ng to
cl ai m }—4—Fhetetrahydrate—of—the—ca G sart—of—v cordijng to
claim3.4 5. ‘FFRé”pf’lé'fj %ydrate according'to claim4, characteris (i) an
X-ray pogWer |Ratdfrool(@ked) colididala Gui n| e:83gamer a conpr|j®bng the fol | owi ng
interlatticei|plane intervals: d in [Al 16.10.3, 9.90.p, 9.40.2, 7.030.1,
6.5010.[1, 5.8§7mhgdrous) 740. 05, 4.950.05| 4.730.05, 4.3B0.05, 4.150. 05|
4.120. 0"6 —37€ éf%snuﬂ{%étixe eghtEBie) R $Be@BsUM having f8g fol | ow ng

absorptjon bdnds expresse Feciprocal  wave numbersl {em-1)+ 1621 {st);

O

1578 (M 1458 (m): 1441 (n) 1417 (m); 1364 (m); 1012 (m); 758 (m); 738
6
v aI art aﬁ' ég%é(nj gg 1 fs@ev th;[)rﬂl?h r&eb;é‘mf:ﬂ tRLE aﬁcfi iR FORS RiAWES Mdd Tudlla

el m hexahydrate according to claim®6,
char act ewltls E@rézyer(ts 3- aanT@bletayarEpmmesﬁ)mlﬂ@ﬂﬁl'w%@momt@we@r@ Wit pugefifsr a
conpri si nig ahe geol W|ng interlattice plane intervals: d in [A] : 19.70.3,
10. 110. 20T J9BReLr i 83WG 1 5. 8110. 05, 5.680.05, 5.030.05, 4. 880. 05,
4.180.05, 4.080.05, 3.46 0.05; or WO 02/ 06253 PCT/ EP01/ 08253 -62

Formulation example 2:
" Tablet produced by roller compaction:

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

valsartan magnesium salt hexahydrate | 400 80

2 Avicel PH 102 (microcrystalline ' 270 54
cellulose)

3 crospovidone 75 156

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.



(11) an ATR-IR spectrum having the follow ng absorption bands expressed in
reci procal wave nunbers (cm1): 3378 (n); 3274 (m); 2956 (m); 1619 (st);
1557 (m wa4aBd6263r) ; 1419 (nm); 1394 (st); 1374 (m); 1175 P@j/EP@3B233m); 820
(s); 766 (st); 751 (m); 741 (st); 732 (st). 8. A salt according to one of
claims 1-7 in the formof a solvate. _@4_.A salt according to one of clains
1-8 in the formof a hydrate. 10. A salt according to one of clains 1-9 in
a formselected fromthe group consisting of (i) a crystalline form (ii)
a partly crystalline form (iii) an anorphous form and (iv) a

pol ynmor phous form 11. Pharnaceutical preparation containing a conpound

accor di ﬂ&ht Ewggg.ﬁgszcl ains 1 to 10 and a pharnmaceutically acceptable

exci pi e e. 12. Pharmaceutical preparation according to claim
11, containing a salt according to one of clains 1-9 in conbination with

L. cont It in cominati on
VG Go- A1 o R BB BBy o o, e cor

(ii) angr:neh@jvlﬁtdassiwﬁaalert?é d'g_oeipmml, thecipotassiiny el themagnesian Fatcliei cal | y
accepta sal t e i) . g .

phar mac e‘E?ﬁ' g sl tb@ ?&5@8&5&3’%@%'8@ ﬁé,rt’gg% BE(%??@‘)S bﬁ?@@g{%ﬁét ?;/en?'ﬁas e

i nhi bi t ogib@tyladnridraurmsa the cadnioyl -argirdme sdil, $hestis-L-arpisinesklt, thewona-tysiner one
angt of erSiIkAnsLR BT WG B en HELES St BRlBeBfdetse " ACE AEP) i nhi bi tor or
a pharmaceutically acceptable salt thereof, (vii) endothelin antagonist or
a pharmaceutically acceptaple.salt thereof. vitid renin johikiior or a
phar macegt i cASeY a&‘&f@'ﬁﬂé%%@"‘% el cr[yﬁtgﬁlgg,fr?arﬂoﬁ.‘la ms%ll}n& ‘ﬁ%&'ﬁ@%ﬂgm
pharmaceutically acceptable salt thereof. WO 02/06253 PCT/ EP0O1/ 08253 -63

13. Use of a_compound according tqQ one o lajms 1 to 10 in the preparation
of a medi cafemealeigm saiorhepRoNeSM SBVO{Y%%?(@&CCBIP' g&lmd- and

condi ti ons which can be

4. The tetrahydrate of the calcium salt of valsartan according to claim 3.

5. The tetrahydrate according to claim 4, characterised by
()  an X-ray powder pattern taken with a Guinier camera comprising the following

interlattice plane intervals:

din [A]: 16.1£0.3, 9.920.2, 9.420.2, 7.03+0.1, 6.50+0.1, 5.87+0.05, 5.74:0.05, 4.95+0.05,
4.73+0.05, 4.33+0.05, 4.15+0.05, 4.12+0.05, 3.95+0.05; or ' '
(i) an ATR-IR spectrum having the following absorption bands expressed in reciprocal
wave nhumbers (cm"): ﬂ

1621 (st); 1578 (m); 1458 (m); 1441 (m); 1417 (m); 1364 (m); 1012 (m); 758 (m); 738 (m);
696 (m); 666 (m).

6. The hexahydrate of the magnesium salt of valsartan according to claim 1.

7.  The hexahydrate according to claim 6, characterised by
(i) an X-ray powder pattern taken with a Guinier camera comprising the following

interlattice plane intervals:
din[A]:19.7+0.3, 10.11+0.2, 9.8+0.2, 7.28x0.1, 5.81+0.05, 5.68x0.05, 5.03+0.05,

4.88+0.05, 4.18+0.05, 4.08+0.05, 3.46 +0.05; or



I nhi bited by bl ocking the AT, receptor. 14. Process for the manufacture of
a salt according to claiml, characterised in that (i) valsartan and the
appropri &A¥eovess are added to a water-containing organi c BOTARe08253(ii) the
solvent is concentrated, for exanple by heating, if necessary under reduced
pressure or by slowy evaporating, e.ggoat roomtenperature, (iii) the

resi due of evaporation is equilibrated wth the required anmount of water by
(a) suspending the residue of evaporation, which is advantageously stil
warm and which still contains some water, in an appropriate skoenL or

(b) by dijui 1aroABRIRgrestumARdRg tectelawing apsIptio) -eXpIRseeH P fefiPEcahng b)

t he exi st d iwater is present in a quantity in which the water
di ssol Vé&é\{%ﬁn %eqof‘g‘g I c solvent and does not form an additional phase; and
(iv) the3ayal(m)oda7ai (Myp2956 (nypl GitSe(@Et); 1557 (m); 1464 (m); 1419 (m); 1394 (st); 1374 (m);

1175 (m); 836 (m); 820 (s); 766 (st); 751 (m); 741 (st); 732 (st).
8. A salt according to one of claims 1-7 in the form of a solvate.
9. A salt according to one of claims 1-8 in the form of a hydrate.

10. A salt according to one of claims 1-9 in a form selected from the group consisting of
() acrystalline form;

(i) a partly crystalline form;

(i) an amorphous form; and

(iv) a polymorphous form. S

11. Pharmaceutical preparation containing a compound according to one of claims 1 to 10
and a pharmaceutically acceptable excipient or additive.

12. Pharmaceutical preparation according to claim 11, containing a salt according to one
of claims 1-9 in combination with at least one composition 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,

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

(i) diuretic or a pharmaceutically acceptable salt thereof.
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13. Use of a compound according to one of claims 1 to 10 in the preparation of a
medicament for the prophylaxis or treatment of diseases and conditions which can be
inhibited by blocking the AT, receptor.

14. 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.



