
;6789e3ejbbcde~fZj6jTjx  1 18 December 2002 Novel form of irbesartan,
processes for obtaining the said and pharmaceutical compositions containing
it The present invention relates to a novel 5 crystal habit of
2-n-butyl-4-spirocyclopentane-1-[(2~
(tetrazol-5-yl)biphenyl-4-yl)methyl]-2-imidazolin-5-one of formula: N N N N
,. NH --nC4H9 o f CHZ v 10  cn This compound and its method of preparation
were disclosed for the first time in European patent EP .454 511. The
compound of formula (I) is an angiotensin II antagonist which is useful in
the 15 treatment of cardiovascular diseases such as hypertension, cardiac
insufficiency, cardiac arrhythmia, in the treatment of diseases of the
central nervous system, in the treatment of glaucoma and diabetic
retinopathy and in the treatment of renal 20 insufficiency and diabetic
nephropathy. The common name of the compound of formula (I) is irbesartan
and the term irbesartan is used in this description and in the claims to
refer to the compounds of formula (I).   r 18 December 2002 



2 European patent application EP 708 103 discloses the existence of 2
crystalline forms of irbesartan: - one, known as form A, is the one
obtained 5 by crystallization in a solvent containing less than about 10%
by volume of water, - the other, known as form B, is obtained by
crystallization in a water-miscible solvent containing more than about 10%
water. 10 Each of these two forms is ch, specific X-ray diffraction
profile. Patent application EP 708 l03 form B is a tautomeric form. Patent
application. EP 708 103 15 irbesartan in the Form A is in the form
~racter~zed by a discloses that indicates that of stable, non hygroscopic
needles of high electrostatic nature. Hereinbelow in the present
description, the term "acicular habit" denotes this crystalline form of the
irbesartan form A. 20 It also beer_ found that these crystals of acicular
habit are difficult to filter and to dry and that they display poor
flowability. A novel crystal habir_ of the form A has now beer, found,
characterized in that the ratio between the 25 length and the wid~h of the
crystals is between 1:1 and 10:l, preferably between l:i and 5:i. This
novel crystal habit of the Form A of irbesartan will be   r 18 December
2002 3 defined by the term "brick habit" of irbesartan hereinbelow in the
present description. A subject of the present invention is also processes
for obtaining irbesartan crystals of Form A 



5 which have the novel crystal habit according to which the ratio between
the length and the width of the crystals is between. 1:'1 ar.d 10:1,
preferably between 1:1 and 5:1. The higher this ratio, the longer are the
10 needles relative to their width, and thus an improvement in this ratio
means a decrease of the said ratio. It is preferable for this ratio to
decrease such that it is between 1:1 and 10:l, preferably between 1:1 and
5:1. 15 The improvement of this ratio means that the crystals have less of
a tendency to break or to aggregate when they are wet, they can be filtered
and dried faster, ar_d they are easier ~o handle when they are dry. 20 The
processes according to the inven~ion have no effect on the polymorphism.
The irbesartan crystals in the brick habit have the physicochemical
characteristics described below. 25 The powder X-ray diffraction profile
(diffraction anglei was established with a Siemens D 5S0 TT diffractometer,
and the significant lines are given in Table I below:   18 December 2002
Table I dI/Io11.22100.0U7.9o1
12.027.5213.797.2318.606.2720.146.096.475.8o7.425.60
~98.765.4119.455.0524.n74.9720.364.9112.924.80
I27.334.6115.904.4914.734.369.864.1762.844.0715.393.9730.3^-_3.8814.323.831
3.563.7537.283.S326.483.4612.42   i 18 December 2002 5
3.4027.883.2711.G33.1810.a23.157.283.I26.113.0515.503.019.492.917.112.78
~9.40 This diffraction prcf~le is that of the Form 



A of irbesartan disclosed in EP 708 l03. The chargeability of the powder is
measured 5 by tribogeneration: the powder is subjected to a strong
vibration during which it becomes charged on itself, and is then
transferred into a Faraday cage connected to a very sensitive electrometer.
The chargeability measured varies between 0 and -10 nanocoulomb/g. By way
10 of comparison, the crystals of irbesartan in acicular form A have a
chargeability, measured by the same process, of between -30 and -40
nanccoulomb/g. The packing density of the irbesartan crystals having the
new crystal habit, measured using a 15 Hosokawa machine (180 gravity
drops), is about 0.5 kg/m3, whereas that of the crystals of the acicular
form A zs about 0.35 kg/m3.   18 December 2002 6 The flowability index is
calculated by the Carr method (R. Carr: Chemical Engineering, January 18,
1965, page 163-168) and takes into account the results of four experimental
vales: compressibility, angle of 5 repose, spatula angle and cohesion. This
index is about 30 for the crystals of brick habit, whereas it is about 10
for the crystals of acicular habit. It is found that the resistivity, the
minimum inflammation energy, the minimum inflammation 10 temperature, the
results of the friction test and gravity cf the explosion, measured in a
20-l ire sphere, are similar for the two crystal habits of the form A of
irbesartan. 



The fact that the irbesartan crystals of 15 brick habit are of reduced
chargeability, i.e. they have a reduced tendency to store electrostatic
charges, means that these crystals can be handled more easily and more
safely. The 50o increase in t'r.e packing density and 20 in the flowability
index of the brick habit with respect to the acicular habit represents an
improvement whir_h is reflected both in the chemical processability of the
product and in their use for their preparation of pharmaceutical forms. 25
According to the present invention, the irbesartan of brick habit can be
prepared using a process characterized in that a crystalline suspension of
irbesartan of acicular habit form :~ is subjected to   18 December 2002 at
least one sonication episode and at least one temperature oscillation
episode. Thus, the sonication episode can be either fo'_lcwed or preceded
by the temperature oscillation 5 episode. It is also possible to envisage
the sonication episode being carried cut simultaneously w=th the
temperature oscillation episode. According to the invention, a sonication
episode can also be carried 10 out between 2 phases of temperature
oscillation. Furthermore, the sonication and/or temperature oscillation
episodes can be repeated independently of each other. Preferably, a
sonication episode ~s preceded 15 by a temperature oscillation episode and
more particularly a sonication episode is carried out 



between 2 temperature oscillation episodes. The term "crystalline
suspension" used in the present description refers to an irbesartan
suspension. 20 prepared according to methods that are known to those
skilled in the art. For example, the crystalline suspension car. be
prepared by growing irbesartan crystals in an organic solvent, for example
an alcohol such as isopropanol, to prepare a supersaturated 25 irbesartan
solution, and cooling to a temperature at which the supersaturation is
between 0% and 50%. The supersaturated solution is then seeded with 1% to
10% of irbesartan seed crystals of brick habit, the seed   18 December 2002
8 crystals originating from a previous batch, However, the seeds may also
be generated by repeatedly subjecting the crystalline suspension to
temperature oscillation and sonication episodes until crystals of 5 brick
habit are obtained. The seeded solution is then cooled to room temperature
to form the crystalline suspension. The said crystalline suspension is then
used according to the invention. According to the present inventior:, a 10
sonication episode consists in subjecting the crystalline suspension to a
sonication energy whose freguency is from about 16 k:?z to 1C MHz. It
appears that the sonica~ion episode limits the growth according to the
length of the needles by breakir_g them and 15 modifies the nature of the
crystal surfaces such that the zones capable of accumulating the
electrostatic charges are reduced. Sonication methods may be used either
batchwise or semi-continuously or continuously. For the batchwise
sonication, an ultrasound 20 probe is inserted ~.nto the crystalline
suspension placed in a crystallizes. The scnication episode can also be
carried out continuously or semi-continuously by pumping the crystalline
irbesartan suspension through a sonication 25 c211 at a flow rate of from
about 10 iitres/min/KW to 20 litres/min/KW; with a pressure of from 0 psig
to 1c)0 psig; with an energy of about from 10 000 joules/litre to 30 000
joules/litre and at a   18 December 2002 9 frequency of about from 16 kHz
to 10 MHz. Preferably, the flow rate is between 16 litres/min/KW and 18
litres/min/KW; the pressure is between 0 psig and 20 psig; the energy is
between 10 000 and 5 25 0G0 joules/litre and the frequency is about 20
~c.~iz. 



The above sonication parameters such as the flow rate, the pressure and the
frequency vary as a function. of the expected result in terms of ratio
between the length and the width of the crystals 10 prepared. The
temperature oscillation episode comprises a heating phase and a cooling
phase. According to the invention, it comprises at least one heating phase
and at least one cooling phase in any order. It is 15 preferable for a
heating phase to be combined with a cooling phase, and ever. for the said
heating phase to precede the said cooling phase. It is probable that the
temperature oscillation contributes towards controlling the correct
distribution of the size of the particles; 20 in particular, ~t tends to
dissolve the finer particles and to make the coarser particles grow. The
temperature oscillation is carried out by heating and cooling a crystalline
suspension to predetermined temperatures. The heating phase is 25 performed
by heating up to about 20C to 100C. Preferably, the heating phase 1S
Carried out at a temperature such that about 15o to 25~ ~s dissolved in 60
min~;tes, more particularly about 20% of the crystals   18 December 2002 to
are dissolved 1,^. 60 minutes. The ccoling phase of the temperature
oscillation episode is generally carried out between l00C and -20C.
Preferably, the cooling phase is carried out at a temperature of between
-5C 5 and 20~ for about 0 to 60 minutes; more particularly betTNeen 0 and
5C for about 0 to 00 minutes. It shculd be noted that the temperature
selected for the cooling phase of the temperature oscillation episode is
less than the temperature 10 selected for she corresponding hearing phase.
The heating and cooling phases can be repeated independently, as many times
as necessary, and the specific parameters may be modified to obtain the
desired product. 15 For example, it is possible to extend the heating phase
and shorten the cooling phase to generate shorter crystals or alternatively
it is possible to shorten the heating phase and extend the cooling phase to
generate larger crystals. The number of heating and 20 cooling phases also
depends on the desired result. In general, 1= the r.~;mber of heating and
cooling phases increases, the appearance of the crystals improves and the
ratio between the length and the width tends towards 1:1. 25 Controlling
the sonication and temperature oscillation parameters makes it cossible to
control the size distribution of the particles and the ratio between the
length and the width of the final crystals.   18 December 2002 I1 The
process described above for modifying the crystal habit of irbesartan using
sonication presents difficulties in industrial implementation. 



Specifically, the efficacy of the ultrasound emitter 5 decreases beyond a
few centimetres from the said emitter; furthermore, when working
continuously, this efficiency decreases if the speed of passage of the
crystalline suspension treated increases. Also, to treat large volumes, the
application 10 time is very long. bloreover, high-power ultrasound causes
premature wear of the metals and welds of the apparatus used. Another
process for modifying the crystal habit of the irbesartan form :. uses wet
grinding, i.e. 15 the mechanical shearing of the crystals of acicular habit
to convert them into cr-~stals of brick habit. This process has the
advantage of being readily applicable to the treatment of industrial
amounts of product. 20 Thus, according to another of its aspects, the
present invention relates to a process for preparing irbesartan of brick
habit, characterized in that it contains the steps consisting in: a)
preparing a solution of irbesartan form A 25 in an alcohol, under
concentration and temperature conditions which allow the total solubility
of the irbesartan;   18 December 2002 12 b) cooling the said solution to a
temperature selected as a function of the concentration of the solution,
such that the solution is in the metastable zone; 5 c) seeding with
irbesarta:: crystals of brick h a b i t ; d) cooing the irbesartan solution
to a temperature of between about 2GC and 5C; 



e) subjecting the crystalline suspension thus 10 formed to a mechanical
shearing using a shear-ng machine; f) heating the crystalline suspension to
a temperature of between about 40C and o0C to dissolve the fine particles;
15 g) cooling the crystalline suspension to a temperature of between about
20C and 5C; h) filter_ng off the crystals of brick habit thus formed.
According to the present invention, a 20 solution of irbesa~tan in alcohol,
for example ethanol or, preferably, isopropanol, is used. Figure 1
indicates, nor a solution of irbesartan form A in iscpropanol, the
conditions for total solubility, as a function of the concentration in 25
g/liLre and of the temperature in C. It also indicates the limits of the
metastable zone for a solution ccr_tair.ing 25 g/litre to 70 g/litre of
irbesartan.   18 December 2002 13 Thus, for a solution of irbesartan in
iscpropanol containing about 50 g/litre to 70 g/litre, the seeding
temperature ranges from 45C to 80C in order for the soluticn to remain in
the metastable 5 zone. The _rbesartan solution can be seeded wi~h
irbesartan crystals of brick habit at any point in the cooling of the
solution, when. this solution is in the metastable zone. The seeding
temperature is between 10 25C and 80C, depending on the concentration of
the solution. The proportion of seed crystals incorporated may be between
1% and 25%, preferably bet ween 10% and 20'i. After seeding, the
temperature can be kept constant for a period of between a few minutes and
2 15 hours, preferably for half an hour to one hour. In steps b) and d),
the cooling is 



advantageously carried out at a uniform cooling rate of about 5C to 20C per
hour, preferably in the region of 10C per hour. 20 In step e), the
mechanical shearing is preferably carried out with a machine having a spin
speed of about 10 000 to 15 000 rpm. Machines having such characteristics
are, for example, of the Turrax type, so 1 d by IKA-~nlerke 25 ;Germany).
Some of these machines are suitable for treating industrial amounts ranging
up to the point of allowing a flow rate of 100 m3/hour. Fcr the process
according to the invention and at an industrial stage,   18 December 2002
14 a flow rate of between about 500 litr~s!hour and 4 m3/hour is preferred,
in a 2 m3 reactor. The mechanical shearing in step e) car. be carried out
ether by placing the shearing machine in 5 LI:2 reactor containing the
crystallir:e suspension, or by passing the crystalline suspension
continuously into the shearing machine. In this case, the flow rate of the
machine is adjusted as a function of the ratio between the length and the
width which is desired for 10 the crystals ef brick habit formed.
Optionally, in order to improve the yield of crys4als of brick habit, steps
e), f) and g) can be repeated before filtering off the crystals of brick
habit formed and drying them. 15 R subject of the present invention is also
pharmaceutical compositio.^.s containing, as active principle, irbesartan
of br-~~k habit, i.e. irbesartan of Form A, having a novel crystal habit.
These pharmace~:tical compositions may be prepared according ~0 to the
discription of patent application EP 747 050. The formulations prepared
with the brick habit can contain up to about 80`s by weight of irbesartan
or abcut 85% by weight of irbesartan co;nbir~ed with a diuretic agent, for
example 25 hydrochiorothiazlde. These formulations may be prepared
industrially, for e:~cample in the for:1 of tablets or gel capsules,
according to known processes, for example by wet granulation., dry
granulation or direct tabletting.   18 December 2002 15 By tabletting,
tablets of uniform weight are 



obtained continuously, these tablets having physical properties that are
suitable for industrial development. 5 EXAMPLE 1 A Preparation of
irbesartan form A. Irbesartar_ is prepared accordir_g to the procedure
disclosed in European patent EP 454 5l1. 1) 2-n-butyl-4-spirocyclopentane-2
10 imidazoline-5-one Ethyl amino-1-cyclopentanecarboxylate is prepared
according to Adkins and Billica (J. P.mer. Chem. Soc., 1948 70, 3121).
Ethyl valerimidate is prepared according to 15 blac Elvain (J. Amer. Chem.
Soc., 1942, 64, 1825-1827) and is then released from its hydrochloride by
the action of potassium carbonate and extractian with methylene chloride,
Ethyl amino-1-Cyclopentanecarboxylate 20 (1.57 g) and ethyl valerimidate
(1.56 g) are dissolved ir_ 12 ml of xylene containing 6 drops of acetic
acid. After reflu:{ing for six and a half hours, the reaction medium is
concentrated under vacuum and the residue is then chromatographed on silica
gel, eluting with a 25 chloroform/methanol/acetic acid mixture (94/4/2;
v/v/v). The fractior_ containing the expected product is evaporated several
times in the presence of xylene and   18 December 2002 16 then of benzene
to remove the acetic acid. 1.91 g of 



product are obtained in the form of a thick oil. IR (CHC13) : 1720 cm-1: C
= O; 1635 cm~' . C = N. Comment : the fact that r~o band is observed 5
between 15G0 and 1n00 cm-1 indicates that, in the chloroform solution, the
product is an imidazolin-5 one. NMR spectrum: 0.92 ppm . t . 3H . CH3
(nBu); 1.35 ppm . sext . 2H . CH3CH~-. 10 1.50-1.93 ppm . m . 10H .
CH3-CHZ-CH? and cycloper~tane; 2.33 ppm . t . 2~. CH3-CHI-CH,-CHI-; 10 . 7
ppm . m . NH . Mass spectrum: MH+ . 195. The
2-n-butyl-4-spirocyclooentane-215 imidazolin-5-one prepared in step A can
also be obtained according to another procedure described below, using
cyclopentanone as starting material. i) 1-aminocyclopentanenitrile This
step is carried out according to 20 A. Strecker (Org. Synth., 1955, 3).
1.97 g of sodium cyanide are dissolved in 3.9 ml of water in a
round-bottomed flask and a solution containing 2.33 g of ammonium chloride
in 5.9 ml of water and 3.5 ml of 20~ aqueous ammonia is 25 added, and 3 g
of cyclopentanone in 3.9 ml of methanol are finally added to the flask.
After stirring for 1 and a half hours, the mixture is maintained at 60C for
45 minutes and heating is then stopped, stirring is   9 8 December 2002
continued for 45 minutes and the m.~xture is then cooled to 25C. Tt is
extracted several times with methylene chloride. The extracts are dried
over sodium sulfate, filtered and cancentwated under vacuum. ~ a of the 5
expected product are ai~tained in oily form. The
1-aminacyc7.opentanenitrile obtained is dissolved in 300 ml of acetone and
a solution of 2.25 g of oxalic acid dihydra~e in 200 ml of acetonA is
added, with stirring. The precipitate farmed is spin-filtered, ~0 washed
with acetone and then dried. m = 4.71 g. m.p. - 220C. This compound is
1-aminacyclopentanenitrile hemioxalato. 15 ii)
1-aminacyclapentaneacetamidE. This step is carried out according to J'.
Zabicky, (The Chemistry of Amides, Tntersciences, New York, ? 9?0, 1.19) .
5.1 g of the oxalate obtayned in the 20 preceding step are treated with
'i.65 ml of concentrated 



sulfuric acid (d = 1.84) for 45 minutes with stirring. A:~ evolution of gas
is observed and the temperature increases to 100C. The mixture~is cooled to
about 35C and is poured into an ice!concen~rated aqueous ammonia 25 mixture
(IO g/2.8 mly. The suspension formed is extracted 5 times in succession
with chlarOiarm containing 5~ methanol. 3 ml of aqueous ammonia (d = 0.92)
is added to the aqueous phase and extraction   18 December 2002 18 is
repeated with chloroform containing mezhar.o'_ (1%0.5; v/v). The combined
orgar_ic phases are dried over sodium sulfate, filtered and concentrated.
The expected product is obtained in she form of a white solid. 5 m = 3.79 g
0 m.p. - 95 C. The results of the analysis and the IR spectrum confirm the
structure. iii) 2-r.-butyl-4-spirocyclopentane-210 imidazolin-5-one. This
step is performed accordl.ng to H. Takenaka et al., Heterocycles, 1989, 29,
(6), 1195s9. 3 g of the compound prepared in the preceding 15 step are
placed in 70 ml of anhydrous 'iHF and 3.3 ml of triethylamine, and 3 ml of
valeryl chloride in 10 ml of anhydrous THF are added wit: stirring. A white
suspension forms. The intermediate compound formed, but not isolated, is
(N-valeryl)-1 20 aminocyclopentanecarboxamide. 6 g of potassium hydrox~.de
pellets, 7 ml of water and 16 rnl of methanol are added. The mixture is
refluxed for t and a half hours, followed by addition of 9 g of ammonium
chloride. After stirring this mixture for 15 minutes, 25 it is concentrated
under vacuum. The residue obtained is taken up in 40 ml of water and
extracted with 10 ml of ethyl acetate and then with twice 5 ml of ethyl
ace~ate. The combined organic phases are dried over   18 December 2002 I9
sodium sulfate and filtered. The filtrate is concentrated to dryness. Q1.85
g of the expected product are obtained. The NMR spectrum is similar to that
described above. The hydrochloride of this compound can 5 be prepared by
adding concentrated hydrochloric acid. The hydrochloride melts at 240C with
sublimation. 2) 1-[(2'-Cyanobiphenyl-4-yl)methyl]-2-n
butyl-4-spirocyclopentane-2-im_dazolin-5-one. A mixture containing 250 mg
of sodium hydride 10 ias an 80o dispersion in mineral oi'_) and 5 ml of DMF
is prepared under a nitrogen atmosphere, and a solution containing 0.97 g
of 2-n-butyl-4-soirccyclopentane-2imidazolin-5-one in 10 ml of DMA is added
dropwise. The mixture is stirred for 30 minutes at room temperature, 15
followed by addi~ior, of a solu~ion of 1.5 g of 4
bromomethyl-2-cyanobiphenyl in 10 ml of DNIF. After stirring for 1 hour at
room temperature, the DMF is evaporated off under reduced pressure and the
residue is then taken up in ethyl acetate and the organzc phase 20 is
washed with water and then Dried over sodium sulfate, filtered and
evaporated. The residue is chromatographed on silica gel, eluting with a
DCM/ethyl acetate mixture (9/1; v/v). 1.6~ g of the expected product are
recovered. m.p. - 92-93C. 



25 3)
2-n-5uty1-4-spirocyclopentane-1-[2'(triphenylmethylt~trazol-5-y1)biphenyl-4
-ylmethyl]-2imidazolin-5-one.   18 December 2002 20 1.56 g of the above
product, 2.6 g of tributyltin azide and 30 ml of xylene are refluxed for 66
hours. The xyiene is then evaporated off and the residue is dissolved in 20
ml of DCbi and 5 ml of THF, 5 adding 0.8 ml of 10N sodium hydroxide and,
after stirring for 30 min~:tes, 2.5 g of_ trityl chloride, and the mixture
is left stirring for 26 hours. After evaporation of the solvents, the
residue is taken up in ethyl acetate and washed with water, wish a 3~ 10
potassium hydrogen sulfate solution and with water. The resulting solution
is dried and evaporated. The residue is chromatographed on alumina, eluting
with a hexane/ethyl acetate (9/l:v/v) mixr.ure. 1.97 g of the expected
product are obtained. m.p. - l50-152C. 15 4)
2-n-Butyl-4-spirocyclopenzane-1-[(2'(tetrazol-5-yl)biphenyl-4-y1)methyl)-2-
imidazolin-5one. 1.96 g of the product prepared in the above step are
dissolved in 10 ml of methanol and 10 ml of 20 THF. After cooling of the
reactor. medium to 5C, 1.5 mi of 4N hydrochloric acid are added and the
mixture is stirred for 3 hours aL room temperature and for 1 hour at 30C.
After evapcration of the solvents, the residue is taken up in water a:~d
brought to pH 12 25 by addition of 10N sodium hydroxide. The aqueous phase
is extracted with ether, with toluene and again with ether. The aqueous
phase is acidified to pH 2 by addition of 1N hydrochloric acid and is then
extracted   18 December 2002 21 with ethyl acetate, dried over Na2S04 and
evaporated. The white solid obtained is dried at 50C under 0.05 mm of
mercury. 840 mg of the expected product are obtained. m.p. - 180-181C. 5
NMR spectrum: 0.75 ppm . t . 3H . CH3 (nBu); 1.10 ppm . sext . 2H .
CH3-CHI-; 1.20 ppm . quint . 2H . CH3-CHZ-CH?-; 1.5-2 ppm . m . 8H -CSHe;
2.2 ppm . t . 2H . CH3-CHz-CHI; 4 . 6 ppm . s . 2 H . CHZ-CbH4- ; 7 ppm . s
. 4H 1C CHz-CbH,~-; 7.35-7.7 ppm . m . 4H . H3.,4-,s-,s~ aromatic. The
N.O.E. study confirms the position of the 5-one substitution on the
imidazole. The crystals formed can be characterized by 15 their X-ray
diffraction spectrum (Table 1) and correspond to irbesartan form A.
dI/Io11.22100.007.9012.027.5213.797.2318.606.2720.146.096.475.857.425.6098.
765.4119.45   



18 December 2002 22 5.0524.674 .
9720.364.9112.929.8027.334.6115.904.4914.734.369.864.1762.844.0715.393.9730
.343.88 ~14.323.83 I13.563.7537.283.53
~26.4z33.4612.423.4027.883.2711.C33.1810.423.157.283.125.113.0S.5.50.s.019.
492.81 ~7.112.789.4G The crystals thus obtained can be r?crystallized in
the following way.   18 December 2002 23 15 ml of isopropanol are added to
8~=0 mg of the product obtained and the mixture is heated until dissolution
is complete. The solution is cooled to room temperature and the crystals
formed are then filtered 5 oft, washed with water and dried. Q05 mg of
irbesartan form A are obtained. B Preparation. of the seed crystals. The
crystals subsequently used as seeds are prepared according to the following
procedure. 10 Cycle I A three-necked round-bottomed flask fitted with a
mechanical stirrer is loaded with 200 ml of isopropyl alcohol and 9.40 g of
the compound obtained in step A. The crystalline suspension ~s heated at 15
77.0C, witY: stirring (about ?00 rpm), until dissolution is compete. The
solution is cooled to 73.0C and a further 0.09 mg of the compound from step
A is added to initiate the crystallization. The crystalline suspension is
fooled tc 20.0C over 20 20 minutes. The suspension is subjected to
sonication for 600 seconds at a power of 10-15 watts, using a 0.o3 cm O.D.
sonication probe. Cvcle II. The crystalline suspension ~s heated to 25
74.0C, which dissolves about 93~ of the crystals, leaving only the largest
crystals for the next crystallization.   18 December 2002 



24 The m=xture is cooled to 20.0C over l80 minutes according to the cubic
temperature decrease described below: 'rime, minutesTemperature, C07 a_ .
03073.8~oQ2.09067.312058.015042.8180 I20.0 5 Gdhen the temperature of 20.0C
is reached, the reaction medium is subjected to sor~ication for 600 seconds
at a power of 10-15 watts. Cycle III. 10 The crystalline suspension is
heated to i4.0C. As in cycle II, it is cooled Lo 20.0C over 180 minutes,
according to the cubic temperature decrease described above. ~rlhen the
temperature of 20.0C is reached, the crystalline suspension is subjected to
15 sonication for 600 seconds at a power of 10 to 15 watts. Cycle IV. The
crystalline suspension is heated to 74.GC. As in cycle II, it is cooled to
20.0C over 180   18 December 2002 25 minutes, according to the cubic
temperature decrease described above. When the temperature of 20.0C is
reached, the crystalline suspension is subjected to sonication for 600
seconds at a cower of 10 to 5 15 watts. Cycle V. The crystalline suspension
is heated to 74.0C. As in cycle II, it is cooled to 20.0C over 180 minutes,
according to the cubic temperature decrease 10 described above. Whe-~ the
temperature of 20.0C is 



reached, the crystalline suspension is subjected to sonication for 6C0
seconds at a power of 10 to 15 watts. Cycle VI. 15 The crystalline
suspension is heated to 74.0C. As in cycle II, it is cooled to 20.0C over
180 minutes, according to the cubic temperature decrease described above.
The crystalline suspension is cooled to 5.0C and the product is filtered
off on a Buchner 20 funnel and dried under vacuum at 70C overnight to give
the seed crystals. C Crystallization procedure 515 g of the compound from
step A are mixed with 10.95 litres of ~sopropanol to form the 25
crystalline suspension. This is heated to 80C to dissolve a11 of the solid.
The crystalline suspension is then cooled tc 20C according to the cubic
temperature decrease described above, over 4 hours and   18 December 2002
26 with addition at 73C of 5.13 g of seed crystals, obtained in step B. A
1.27 cm O.D. sonicatien probe is introduced for 10 minutes at a power of
125 W. The solution is heated again to 73C to dissolve the small 5 crystals
and is then cooled to 20C over 4 hours acco=ding to the cubic temperature
decrease described above. The solution is then subjected to sonication for
10 minutes a~ a power of 125 W. The solution is 10 hated again to 73C to
dissolve the small crystals. The solut=on is cooled to 2C, using the cubic
temperature decrease described above, over 6 hours and the solution is then
maintained at 2C for 1 hour. The reaction mediLm is filtered to form a wet
filtrate. 15 This is dried at 50C under vacuum overnight. 513.4 g of the
dry product are obtained, having a width:lezgth ratio or 1:2 to 1:5.
EXAMP~E 2 A) Preparation of the solution of irbesartan of 20 fcrm A. The
process is performed according to the procedure described in Example 1,
step A. l16 kg of i~=besar~an and 1S85 1 of isopropanol are loaded into a
2G00 1 reactor and the mixture is then refluxed for 30 



25 minutes to obtain total dissolution. The solution is hot-filtered, to
remove the insoluble particles, into another reactor, passing via a
cartridge with a C.6 ym cut-off threshold. The filtered solution is
refluxed   18 December 2002 27 again to dissolve any seed crystals present,
and is then cooled to 80C with stirring at about 50 rpm. B) Preparation of
the seed crystals. The seed crystals are obtained in the S laboratory in
successive steps of heating and cooling of a solution of irbesartan form A
in isopropanol, the solution undergoLng a passage tr:rough the shearing
macr:ine (TUr-ax) after each cooling. C) Crystallization procedure 10 a) A
suspension of seed crystals containing 17.i kg in 33 1 cf isopropano'_ is
prepared and is introduced in a single portion into the solution prepared
in step ~ and maintained at 80C for 1 hour. The temperature of the reactor
is reduced to 20C at a 15 ur_iform cooling rate of 10C per hour. A
population of crystals is obtained whose length is 300 ~tm to 5C0 ~m and
:chose width is 20 ~m to 50 ~tm at the end of crystallization, i.e. a ratio
of 25:1 to 6:1. b) The crystalline suspension is treated for 20 35 minutes
(flow rate of 4 m3/hour) in a Turrax0 shearing machine, referenced
Ih',A/GISPAX Reactor DRS 2/l0, at a spin speed of 12 000 rpm. Crystals are
obtained having a length of 40 ~m to 110 um and a width of 5 ym to 40 Vim,
i.e. a ratio of 8:1 to 1:1. Many fine 25 particles are also present. c) The
temperature of the reactor is raised ~o SOC a^d this temperature is
maintained for 1 hour to dissolve the fine particles.   18 December 2002 28
d) The temperature of the reactoris reducedto 5C at a uniform cooling rate
of 10C perhour andis then maintained at this temperature for one hour.e) By
filtration, a population ofcrystals of5 brick habit is obtained (average
length 30 Vim, averagewidth 5 Vim, ratio 6:1). after drying, 121
kgofcrystals of brick habit with an iscpropanolcor_tent ofless than 1000
ppm are obtained.EXANIPLE 3 Tablet: percentage formulationi0 Irbesartan of
brick habit70Microcrystalline cellulose24.75Sodium
croscarmellose3.75HvdratQd colloidal silica0.75Magnesium stearate0.7515
EXAMPLE 4 Tablet: percentage formulationIrbesartan of bric'.~
habit70Microcrystalline cellulose12.375Sodium
croscarmellose3.75Polyethylene glycol12.37520 Hydrated colloidal
silica0.75Magnesium stearate0.75EXAMPLE 5 TabletIrbesartan of brick habit75
mgHydrochlorothiazide12.50 mg25 Microcrystalline cellulose7.75 mgSodium
croscarmellose3.25 mgHydrated colloidal silica0.75 mgNlagnesium
stearate0.75 mg   18 December 2002 29 5 Per tablet EXAMPLE 6 Tablet
Irbesartan of brick habit 150 mg Hydrochlorothiazide 12.50 mg
Microcrystalline cellulose 15.50 mg Sodium croscarmellose 6.50 mg Hydrated
colloidal silica 1.50 mg Magnesium stearate 1.50 mg Per tablet. 



10   18 December 2002 30 CLAIMS 1. Crystalline compound of formula: N N N i
i N w NH N~--nC4Hg o ~ _ _ cHZ v ~ v 5 having a crystal hab~tus such that
the ratio between the length and the width of the crystals is between 1:1
and 10:1. 2. Crystalline compound according to Claim 10 1, in which the
ratio between the length and the width of the crystals is between 1:1 arid
5:1. 3. Newel crystalline form of irbesartan of form A, characterized in
that the ratio between the ler_gth and the width of the crystals is between
1:1 and 15 5:1. 4. Process for preparing a compound according to any one of
Claims 1 to 3, characterized i:~ that a crystalline suspension of a
compound of formula (I) is subjected to at least one_sonication episode and
20 at least one temperature~oscillation episode. 5. Process for preparing a
compound according to any one of Claims 1 to 3, characterized in that a
crystalline suspension of irbesartan of acicular habit form A is subjected
to at least one sonication   



18 December 2002 31 episode and at least one temperature oscillation
episode. 6. Process according to either of Claims 4 and 5, in which the
temperature oscillation episode 5 comprises a heating phase and a
corresponding cooling phase. 7. Process according to Claim 6, in which the
heating phase precedes the cooling phase. 8. Process according to Claim 7,
in which 10 the sonication episode is followed by a temperature oscillation
episode. 9. Process according to either of Claims 9 and 5, in which the
sonication episode is preceded by a temperature oscillation episode. 15 10.
Process according to either ef Claims 4 and 5, in which the sonication
episode is carried out, s-multaneously with the temperature oscillation
episode. 11. Process according to either of Claims 9 20 and 5, in which a
sonication episode is carried out between 2 temperature oscillation
episodes. 12. Piocess according to either of Claims 4 ar_d 5, in which the
sonlcation and%or temperature oscillation episodes are repeated
independently. 25 13. Process according to either of Claims 4 and 5, in
which the sonication is carried out in batches, semi-cont_nuously or
continuously.   18 December 2002 32 i4. Process according to C~.aim 7, in
which the heating phase of the temperature oscillation episode is carried
out at a temperature of between about 20C and 100C. 5 15. Process according
to Claire 7, in which the heating phase of the temperature oscillation
episode is carr-ed out at a temperature such that about 15% to 25% of the
crystals are dissolved in about 60 minutes. 10 16. Process according to
Claim 7, in which the cooling phase of the temperature oscillation episode
is carried out at a temperature of between about 100C and -20C. 17. Process
according to Claim 7, in which 15 the cooling phase of the temperature
oscillation episode is carried out at a temperature of between about -5C
and 20C. 18. Process according to Claim 7, in which the tempera~ure
selected for the cooling phase of the 20 temperature oscillation episode is
less than the temperature selected for the corresponding heating 



phase of the temperature oscillation episode. 19. Process according to
Claim 7, in which the crystalline suspension. is seeded with irbesartan 25
crystals whose ratio between the length and the width is between l:l and
10:1.   18 December 2002 33 20. Process for preparing a compound according
to any one of Claims 1 to 3, characterized in that it contains the steps
consisting i:~: a) preparing a solution of irbesartan 5 acicuiar habit form
A in an alcohol, under concentration and temperature conditions which allow
the total solubility of the i=besartan; b) cooling the said solution to a
Lemperature selected as a function of the concentration of the 10 solution,
such that the solution is in the metastable zone; c) seeding with
irbesartan crystals of brick habit; dj cooling the irbesartan solution to a
15 temperature of between about 20C and 5C; e) subjecting the crystalline
suspension thus formed to a mechanical shearing using a shearing machine;
f) heating the crystalline suspension to a 20 Temperature of between about
40C and 60C to dissolve the fine particles; g) cooling the crystalline
suspension to a temperature of between about 20QC and 5C; h; filtering off
the crystals of brick habit 



25 thus formed. 21. Process according Lo Claim 20, in which, in step a),
the _rbesartan is dissolved in isopropanol.   18 December 2002 34 22.
Process according to Claim 20, in which, in step b), a solution containing
50 g/litre to 70 g/litre of irbesartan in isopropanol is cooled to a
temperature ranging between 60C and 80C. 5 23. Process according to Claim
20, in which, in step c), t:ne solution is seeded with irbesartan crystals
whose ratio between the length and the width is between 1:1 and i0:1. 24.
Process accord=ng to Claim 23, in which 10 the seeded solution ~:~s
maintained at a temperature of between 80C and 22C fcr a few minutes to
about 2 hours, before being cooled. 25. Process accordir_g to Claim 21, in
which, In steps b) and d), the rate of cooling is from about ~5 5C to 20C
per hour. 26. Process according to Claim 20, in which, in step e), the
mechanical shearing is carried out by a machine having a spin speed of
about from 10 000 rpm to 15 000 rpm. 20 27. Process according to Claim 26,
in which the mechanical shearing in step e) is carried out either by
placing the shearing machine directly in the reactor or by passir_g the
crystalline suspension into the shearing machine. 25 28. Pharmaceutical
composition containing a compound according to any one of Claims 1 ~0 3 and
pharmaceutically acceptable exclpients.   18 December 2002 35 



29. Pharmaceutical composition according to Claim 28, containing a diuretic
agent combined with a compound according to any one of Claims 1 to 3. 30.
Pharmaceutical composition according to 5 Claim 29, in which the diuretic
agent is hydrochlorothiazide.   18 December 2002 1/1 Figure 1 SOLUBILTTY
AND METASTABLE ZONE LIMIT OF IRBESARTAN FORM A IN 250PROPANOL ao 70 50 O Qa
.v C m o sa U 20 10 ~ . . ~ ~ -~.- Solubility (g11). .. . . . . . . . .. .
.. . . . . . . . . . . . . . _ . . . . . . . . . .. . ... . .. -6r-~
Metastatile zone limit (gll) ..........._.. ..._...L...... ...............
............_ ............. ..............~................~..
...........~............ ............. '  l ................ ............~
.............. ....... .... ..........._. ................ ..... ......
_............. . .......... ............. ~ METASTA~LE ZONE _..............
......_........;....._._.... _.._........_.. ............. TOTAL
SOLtJBtLtTY 0 0 24 44 fi0 Temperature (C) $Q t00   18 December 2002 



30 PCT/FR99/01372 Article 34 amendments SANOFI-SYNTHELABO CLAIMS 5 1. A
crystalline compound of formula: N N r r ~--nC H N w NH O ~ ~ g ~ {I) CH2 \
/ \ / having a crystal habit such that the ratio between the 10 length and
the width of the crystals is between 1:'_ and 10:1 and the changeability of
which, measured by tribogeneration, ranges between 0 and -10
nanocoulombs/g. 2. A crystalline compound according to 15 Claim 1, in which
the ratio between the length and the width of the crystals is between. 1:1
and 5:1. 3. Novel crystalline form of irbesartan of form A, characterized
in that the ratio between the length and the width of the crystals is
between 1:1 and 20 5:1 and the chargeability~of which, measured by
tribogeneration ranges between. 0 and -10 nanocoulombs/g.   18 December
2002 31 4) Process for preparing a compound according to any one of Claims
1 to 3, characterized in that a crystalline suspension of a compound of
formula (T) is subjected to at least one sonication episode and 5 at least
one temperature oscillation episode. 



5. Process for preparing a compound according to any one of Claims 1 to 3,
characterized in that a crystalline suspension of irbesartan of acicular
habit form A is subjected to at least one sonication 10 episode and at
least one temperature oscillation episode.
.A.Al{.Ah_.A4Al.Ah.Al9.AL3r.ASl9.ASlL.AylL.ASl.Ayl?.A@Y9.AflL.Af.A{l%.AN.Af
.Al,.AyY.Al.Al.Al.AfY.A,l.A,lL.A.A,.ASlL'.A,Y.AFR.AlY
.AYe.AsAY.Al..AY.AY.AY#'(K~$*:DGHKw<~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c.a]cRa]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]c^a]c^a]ca]ca]c<a]
ca!$%0[ef}~NSTZ?Z%d > t
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!t    9jm F v
&VLwC^o{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!ow)VP'V=NP{
Z{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caU]ca]ca]ca]c^a]ca]ca]ca!J{'_#Z#Xc*^}xsnid_Z]]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!-^),ap!!""u###$%T%e%g%%*&f&&&{vqlgb]W]V]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca!&
7'e'9(z))***+3,[,-...R0c0f0000*1]11112V2222243|wrmhc^Y]V]]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!433444j4444*595J5M55556"6&6x6666E7Y777L88q99999N:|wrmhc^Y]V]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c aU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!N:::::";V;
;b<<<(=7=a====>R>>>>??h??@ABDDDDD}xsnid_Z]V]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!D*E7E
CEgEEEEE&FZFvFFFGAGUG{GGG$H[HHHH5IFIII~IIIBJwJ|J}xsnid_Z]V]]]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!|JJJ@KZKK3L@LHLLBMM
N2N9O4PNPPP!QQR+S<S?ST4TTTUX-X0XkY|wrmhc^Y]V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca!kYYY
Y=[F\}]]]]^``c!c$cccfddd*eOeeFfWfZfffggggg}xrmhc^Y]V]]ca]ca]ca]ca]ca]c^a]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!ghAhyhhhh"i}iiiijLkkkl<llllllm6m?mimkmmmmm(n`n}xsnid_Z]V]]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!`nnn0o:oDolooooo#ppppgqqqrrs0st>txttttuuuuvw}xsnid_Z]V]]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!w8wwwwxaxcxxy=yyyyLzrz{+}X}~~7HKM28ILSw|wrmhc^Y]V]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a
]ca]ca]ca]ca]ca]ca!wH
CKoHl%(b}xsnid_Z]V]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"a]ca]ca]ca!Y%.\~Ft*;
>cNvC|wrmhc^Y]V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca!CJrmA|-ha>O`}xsnid_Z]V]]]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca!`c!Lduy 1? "%zuojd_YTnid_]caU]ca]caU]ca]c aU]c a]c aU]c a]c
aU]c a]c a]ca]caU]ca]ca]caU]c aU]c
aU]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
%(+@GJ[m,h4c-Wj{~{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca!Iy 



Bv,h4c-Wj{~{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]caK~iK- 10%&'()-
10%&'()-M10%&'()-L!10%&'()-s10%&'()-f10%&'()-10%&'()-`$*:Da@- 10%
nf10%V&'()-Y!f10%&'()-Y!~f10%[[&'()-Y@10%&'()-` 10%&'()-&S 10%&'()-DGHKwdE-
10% &10%&'()-$f10%&'()- "`10%&'()-,  10%&'()-&$10%&'()-9!10%&'()-<0[dE- 10%
Y7@10%&'()- y510%&'()-3&10%&'()-,, 10%&'()-`L*&10%&'()-l(&10%&'()-bC 10%
`10%&'()-9!Y10%&'()-l10%&'()-L 10 10 10; 10%&'()-&9F10%&'()-NZdEbC 10%
,9410%&'()-Y 10%&'()- y910%&'()-,10%&'()-, 10%&'()- `10%&'()-?Z%a?bC
10%!C10%&'()- !@C10%&'()- C10%&'()- ,10%&'()-,t10%&'()- 10%&'()-%d > t
dEbC 10%! 



Y1910%&'()-@/10%&'()-@-10%&'()-+10%&'()-@$10%&'()-'`10%&'()-   9jxmbC
10%!10%&'()-M 10 10 10@810%&'()-S610%&'()-59!10%&'()-,L310%&'()-maBmbC
10%!9F10%&'()-!10%pp&'()- 10%&'()-10%&'()-ys10%&'()-L!l10%&'()- F v  dEmbC
10%!,10%&'()-`s10%&'()-10%&'()- 10%&'()-f10%&'()-10%&'()-&VLdBmbC
10%!!I+9!10%&'()-*Y10%&'()-S&10%&'()-$y10%&'()-" 10%&'()-
F10%&'()-LwC[\aB7C 10:10%&'()-8`10%&'()-!t5`10%&'()-93910%&'()-F1310%&'()-
y/10%&'()-\]^owy~mU; 1410%&'()-p/ 410%&'()-p/410%&'()-p/
10%&'()-`!l10%&'()- 10 10x^?; 1410%&'()-p/410%&'()-p/
410%&'()-p/410%&'()-p/ 410%&'()-p/}^F; 1 410%&'()-p/410%&'()-p/
410%&'()-p/410%&'()-p/ u]C; 



1410%&'()-p/ &410%&'()-p/)410%&'()-p/ &410%&'()-p/)410%&'()-p/x^?;
1410%&'()-p/410%&'()-p/ 410%&'()-p/410%&'()-p/ 410%&'()-p/}^F; 1
410%&'()-p/410%&'()-p/ 410%&'()-p/410%&'()-p/  !&,-2u]C; 1410%&'()-p/
&410%&'()-p/)410%&'()-p/ &410%&'()-p/)410%&'()-p/289>CDIOx^?;
1410%&'()-p/410%&'()-p/ 410%&'()-p/410%&'()-p/ 410%&'()-p/OPU[\aij}^F; 1
410%&'()-p/410%&'()-p/ 410%&'()-p/410%&'()-p/ jouv{u]C; 1410%&'()-p/
&410%&'()-p/)410%&'()-p/ &410%&'()-p/)410%&'()-p/x^?;
1410%&'()-p/410%&'()-p/ 410%&'()-p/410%&'()-p/ 410%&'()-p/lK 14 4ys10% x'
&'()- 49!l10% x' &'()- 10%z 



x'z &'()-`/ 10 10 10410%&'()-p/ kS7K !10% x' &'()-6 !10% x' &'()-6!10% x'
&'()-6 !10% x' &'()-6!10% x' &'()-6sW7K !10% x' &'()-6!10% x' &'()-6 !10%
x' &'()-6!10% x' &'()-6 !10% x' 



&'()-6 xX@K  !10% x' &'()-6!10% x' &'()-6 !10% x' &'()-6!10% x' &'()-6
"'()pX=K !10% x' &'()-6 !10% x' &'()-6!10% x' &'()-6 !10% x' &'()-6!10% x'
&'()-6)VP|[:=K  %10%Q'&'()- @#10%Q'&'()- 9`! 10%Q'&'()-  &10%Q'&'()-
l10%Q'&'()-  10%Q'&'()-P'V|[:=K  010%"&'()- 3.10%Q'&'()- S,10%Q'&'()- *
10%Q'&'()- ( 10%Q'&'()- &10%Q'&'()-:;<=NPvU4 y&`10%e'&'()-
&!l10%e'&'()-10Q'10Q'10Q' 3710%Q'&'()- 



S510%Q'&'()-  3310%Q'&'()-P{ Z|[:vU4  L 10%e'&'()- l 10%e'&'()- 10%e'&'()-
10%e'&'()-  10%e'&'()- l 10%e'&'()-J{|[:vU4  f10%e'&'()- '10%e'&'()-
10%e'&'()- m10%e'&'()-  l10%e'&'()- :10%e'&'()-'_|[:vU4  Y(10%e'&'()-
&z10%e'&'()- $10%e'&'()- "10%e'&'()- l !10%e'&'()- 310%e'&'()-#Z|[:vU4
810%e'&'()- 710%e'&'()- ,510%e'&'()- -10%e'&'()-` +T10%e'&'()- l
&*M10%e'&'()-Z#vU4   10%4(4&'()- l 10%4(4&'()- l'10%4(4&'()-
Y10%4(4&'()-10e'10e'10e' :10%e'&'()-#Xc*|[:vU4  l 10%4(4&'()- lt10%4(4&'()-
10%4(4&'()- 3 10%4(4&'()- 310%4(4&'()- S10%4(4&'()-*^-|[:vU4
S"s10%4(4&'()- 3  10%4(4&'()- 10%4(4&'()- 10%4(4&'()- 3 9 10%4(4&'()-
@l10%4(4&'()--^)|[:vU4  -`10%4(4&'()-` @+ 10%4(4&'()- l*t10%4(4&'()-
(Y10%4(4&'()- l@&10%4(4&'()- ls$10%4(4&'()-,a|obU4
!l10%-~#-&'()-104(4104(4104(4 :S10%4(4&'()- 810%4(4&'()- 6@10%4(4&'()-
@410%4(4&'()- p!!"u#|[:bU4  f:!10%hF"h&'()- f:!10%h~#h&'()- F 10%-~#-&'()-
0T10%~#&'()-  410%"&'()-  @&`10%-~#-&'()-u###$$%Q%R%|[:-410! S1 10%!&'()-
S1 10%"&'()-  S1 10%P"&'()-  F /10%-~#-&'()- S+10%q~#q&'()- Y
&*'10%-~#-&'()-R%S%T%e%g%%*&f&bA410!   10%-~#-&'()-T + 10%"&'()-T &
10%"&'()-T @&s10%-~#-&'()- !l10%-~#-&'()-10!10!f&*'7'e'(9()|[:A410!
S$M!10%q~#q&'()- f@ 10%-B"-&'()-` f@ 10%h~#h&'()-` F sZ10%-~#-&'()- S&-
10%-r -&'()-@ S&- 10%h~#h&'()-@)z))******|obU410 !l10%X#&'()-10"10"10"
SY1M!10%"&'()-   SY1M!10%{{&'()-   F /Z10%-~#-&'()-
S$M!10%{~#{&'()-**+3,[,,-|[:bU410  10%="=&'()-  10%=8"=&'()-   



10%X#&'()- !c10%X#&'()- &10%X#&'()-
&10%X#&'()---../O0P0Q0R0|[NA41010PX#P10PX#P10PX#P y-M!10%PX#P&'()-
y-M!10%U"U&'()-  y$M!10%%"&'()-- y$M!10%UX#U&'()-- 10%X#&'()-
R0c0f0000*1|[:NA41010 10%-~#-&'()- 10%-~#-&'()-  10%-~#-&'()- F
10%-~#-&'()- & 10%-~#-&'()- !l10%-~#-&'()-*1]11112V2|[:NA41010
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