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“A crystalline form of the Zoledronic acid, a process to obtain it and the

pharmaceutical composition comprising it”

Field of the invention

This invention refers to a new crystalline form of zoledronic acid, characterized by
its diffractogram of X-rays as well as by its special atomic distribution in the crystalline
network and its thermal analysis curves.

There is also included a method to obtain this crystalline form, which comprises the
synthesis of the corresponding acid and the pharmaceutical composition comprised by this

crystalline form.

Backeround of the Invenfion

Zoledronic acid (I) is a bisphosphomic écid, which acts as an inhibitor of the bone
osteociastic resorption. This compound, chemically called 1-hydroxy-2-(imidazol-1-
_ ylethydilene bisphosphonic acid, is sold in the USA under the trade name of Zometa®
(zoledronic acid for injectables).

- Zoledronic acid belongs to the family of the bisphosphonates well known for its
features useful when treating diseases caused by dysfunctions in the metabolism of calcium
and phosphorous [see for éxample K. R. Williams - J. Chem. Ed. 81, 1406 (2004)].

There exist several patents describing methods for the obtention of bisphosphonates,
particularly for zoledronic acid and its salts DE 3626058 (1988); US 4777163 (1988); EP
258618 (1988); US 4639130 (1990) may be mentioned.

In Chemical Abstracts there are registered various forms of free zoledronic acid and
its salts .

1. Anhydrous Zoledronic acid (RN: 118072-83-8).
Monohydrate Zoledronic acid (RN: 165800-06-6).
Zoledronic Acid, anhydrous disodium salt (RN: 131654-46-1).
Zoledronic Acid, monohydrate disodium salt (RN: 165800-07-7)
Zoledronic Acid, monohydrate trisodium salt (RN: 165800-08-8).
Zoledronic Acid; magnesiurn salt (RN: 157432-59-2).
Zoledronic Acid, zinc salt (RN: 157432-58-1).

NS RN
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US Patent No. 4939130 describes that the zoledronic acid obtained has a melting
point of 239 °C.

Particularly, in the request of patent US Serial No. 2005/0054616 diverse crystalline
forms are described for the free acid and its sodium salts.

Seven crystalline forms are described in this document for zoledronic acid,
identified as forms 1. II, XII, XV, XVIIl, XX and XXVI through their diffractograms of X-
rays and TGA (Thermogravimetric Analysis).

The use of methansulphonic acid as a solvent in the preparation of alendronic acid

and its salts is described in US Patent No. 4922007 (1990) and EP 462663 (1991).

Summary of the Invention

This invention refers to a new polymorphic form of zoledronic acid, which exists in

form of trihydrate and to a method of obtaining it.

According to one aspect of the present invention, there is provided a procedure to
prepare a crystalline form of hydrated zoledronic acid according to the invention,
characterized in that it comprises the following steps:

a. reacting 1- imidazol-1-yl acetic acid with phosphorous trichloride
and water, using methanesulphonic acid as a solvent;

b. hydrolyzing, by adding water and heating, the intermediate
substances generated in the reaction;

c. precipitating the raw acid of the reaction means, through partial
neutralization and cooling;

d. dissolving the raw zoledronic acid in hot water;

e. adding this concentrate into refrigerated water, so that the

crystallization occurs within the desired temperature scope;
f. once the crystallization is completed, cooling down, filtering
the precipitate and washing 1t with water; and

¢. drying the end product.

According to another aspect of the present invention, there 1s provided a procedure
characterized in that the molar ratio in step a. of phosphorous trichloride: 1- imidazol-i-yl

acetic acid 1s comprised between 3:1 to 8:1.
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According to another aspect of the present invention, there ts provided a procedure
characterized in that the molar ratio in step a. of phosphorous trichloride: water is
comprised between 0.8:1 to 1.2:1.

According to another aspect of the present invention, there is provided a procedure
characterized in that the hydrolysis in step b. 1s conducted at a temperature between 80 and
125 °C, during at least half an hour.

According to another aspect of the present invention, there 1s provided a procedure
characterized in that the dissolution temperature of the step d. 1s comprised between 50
and 105 °C.

According to another aspect of the present invention, there is provided a procedure
according to claim 16 characterized in that the dissolution temperature is comprised
between 80 and 100 °C.

The existence of a new crystalline stable form and of a simple and reproducible
method for obtaining it widens the spectrum of possibilities for the design of new
pharmaceutical forms.

The use of the methansulfonic acid as a solvent to prepare zoledronic acid results in

a homogeneous reaction.

In other preparations where a diluent is used {see for instance US 4777163 (1988)
example 1; US 2005/0054616 (2005) examples 1 - 8], the reaction occurs In a

heterogeneous stage.

The use of the said methansulphonic acid for obtaining zoledronic acid is described

in the literature [G. R. Kieczykowski et al. - J. Org. Chem. 60, 8310 (1995)], nevertheless

the output obtained in that publication, being of 31 %, discourages its use at an industrial

scale and has not been protected by patents.

In our case, the use of water as a reactant, the absence of adding phosphorous acid
and the molar ratios of reactants and of solvent used, result in significant differences as
regards the descriptive procedure giving rise to a substantial increase in the output up to a

value of 83% which turns this process economically apt for the manufacture of zoledronic

acid.

Brief Description of the Drawings

Figure I shows the X-rays dust diffractogram of this new crystalline form.

Figure II corresponds to the curves obtained through the TGA analysis
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(Thermogravimetric Analysis) and DSC (Differential Scanning Calorimetry) of this new

crystaliine form.

Figure III corresponds to the infrared spectrum of this new crystalline form.

Figure IV corresponds to the spatial disposition of the atoms in the unitary cell

of this new crystalline form.

Detailed Description of the Invention

The X-rays diffraction analysis and the thermal analysis (TGA, DSC) were carried
out at the Atomic Energy National Commission- Condensed Matter Group.

The equipment used is a Philips model X'Pert with a PW3710 unit to obtain the
diffractograms of the samples.

A K-Alpha wavelength of 1.54060 A was used.

The water losses were détermined through the TGA (Thermogravimetric Analysis)
with a Shimadzu DTG-50 equipment with a 40 ml/min dry air flow.

The melting points result from the curves obtained through DSC (Differential
Scanning Calorimetry) in a Shimadzu DSC-60 equipment at 10 °C/min with a 30 ml/min
nitrogen flow.

The infrared spectrums were carried out In a Shimadzu FTIR-8100 equipment,
using a solid substance in the form of pills with KBr. '

The new crystalline form corresponds to a trihydrate, its study by means of X rays
of a crystal shows that the distribution of its atoms in the crystalline network corresponds to
the special group P-1, characterized by the following cell parameters (A): a: 6.874; b:
9.450; c¢: 10.825; a: 65.14 °; (3: 76.83 °;y: 81.39 °.

In order to compare, the theoretical X-rays diffractogram for the trihydrate form
(Figure I A), the dust X-rays diffractogram obtained with the form I (monohydrate) (Figure
I B) and the atoms spatial distribution in the unitary cell of the crystalline network for the
monohydrate form (Figure IV A) are also shown.

The trihydrate crystalline form described in this document, by means of the
exposition in an environment with 75 to 96 % relative humidity at 30 - 40 °C during 24
hours, does not absorb water and maintains its X-rays dust diffractogram and its thermal
profile is (TGA and DSC) unchanged.

The existence of three water molecules for each one of zoledronic acid may be

clearly seen in Figure IV.



CA 02615418 2010-05-04

This new crystalline form of this invention is characterized for presenting in its X
rays dust diffractogram peaks in angles of 20 01 9.2; 10.4; 14.7; 16.4 © £ 0.2°,

It 1s also characterized because its thermal analysis (TGA and DSC) show an
endothermy between 68 - 128 °C associated to a loss of mass of around 16 - 17 %, which
corresponds to a trihydrate and a melting endothermy followed by decomposition at around
211-215°C.

This new trihydrate form has always been obtained in our laboratory without
difficulties and in a reproducible way.

Zoledronic acid was prepared by a method not described for this substance and
advantageous because of the output and the raw product's quality obtained.

The same consists of reacting 1- imidazol-1-yl acetic acid with phosphorous
trichloride and water, in the presence of methanesulphonic acid.

The suspension is heated at 60 - 65 °C over 10 - 15 hours, preferably between 9 -
12 hours, whereupon it turns into a viscous solution.

During all the reaction, there 1s plenty release of hydrogen chlonde.

Once the mass is dissolved by additional addition of water at 8 - 12 °C, it 1s heated
at reflux at 105 - 112 °C over 3 - 5 hours.

It is then partially neutralized with aqueous solution of sodium hydroxide up to a pH
between 0 and 0.9, preferably between 0 and 0.4 at a temperature between 20 and 40 °C
and the crystallization starts.

It is then cooled down to 0 - 5 °C, filtered, washed by resuspension first in water

and then in methanol.
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The raw zoledronic acid may be obtained by means of drying at 50 - 80 °C with an
output exceeding 80 % and a quality apt for the generation of the crystalline trihydrate

form.

To obtain the crystalline trihydrate form of this invention an aqueous hot solution of
zoledronic acid, which concentration varies between 1.5 and 10 % (w/v), preferably

between 2 and 4% (w/v), 1s crystallized at a temperature between 5 and 35 °C, preferably
between 15 and 25 °C.

In order to achieve this without the need of using large dilutions, the hot solution is
poured over a small amount of water, kept at the wanted crystallization temperature. -
In this way, the crystallization temperature may be adjusted regulating the volume
of the hot solution’s aggregate and of the refrigerating liquid’s flow.
In this way the new crystalline trithydrate form 1s obtained, which dust X-rays
diffraction spectrum present peaks in values 0f 20 0£ 9.2; 10.4; 14.7; 16.4 °+ 0.2°.
and which diffractogram corresponds to the one of Figure L.

This substance presents the following physicochemical characteristics.

e The curve corresponding to the TGA (Thermogravimetric Analysis) is
shown in Figure II, in which a loss of mass is seen, corresponding to a loss
of water, of 16 - 17 %, which corresponds to a trihydrate.

¢ The curve corresponding to the analysis by DSC (Differential Scanning
Calorimetry), observed in Figure III, shows an endothermy at 211 - 215 °C

which corresponds to the melting process.

Examples

Merely for illustration purposes, not limiting to the scope of this invention, the

following preparation examples are included:

Example 1 — Zoledronic Acid
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A suspension of 1-imidazol-1-yl acetic acid (200 g) in methanesulfonic acid 98-99
% (240 ml) 1s added slowly and blending phosphorous trichloride (856 ml).

The temperature 1s increased until reaching 55 °C, reflux i1s observed.

Once the phosphorous trichloride aggregate s finished, the aggregate of water (171
ml) is started, thus increasing the exothermy, which 1s evidenced through a larger volume
of reflux.

During the reaction hydrogen chloride is released.

The mass in suspension slowly dissolves and the solution turns very viscous, thus
making the agitation difficult.

After 12 hours reaction at 55-70 °C, water 1s slowly added (805 ml), in a period of
2-3 hours at a temperature between & and 25 °C, with which a fluid solution is achieved.

It 1s then heated at 105 — 112 °C over 3 hours and the solution is filtered to eliminate
1mpurities.

The resulting solution 1s partially neutralized at a temperature of 30 — 40 °C with a
sodium hydroxide aqueous solution 50 % (w/v) until obtaining a pH of 0.25 £ 0.03

It 15 then cooled down to 0-5 °C, maintaining this temperature over at least 2 hours

the precipitate being filtered.

The same is washed by resuspension once in water (500 ml) and twice in methanol
(500 ml each time).

The precipitate may be dried in a stove at 50 - 60 °C, thus obtaining the raw
zoledronic acid with a potentiometric titre equal to or exceeding 98 %.

It may also be used humid to prepare the trihydrate form.

The output 1s 83 %.

Example 2 — Zoledronic Acid Tribydrate

The raw humid zoledronic acid (equivalent to 30 g dry product), obtained in
Example 1, is suspended in water (900 ml).

The suspension is heated at reflux, thus obtaining a solution.
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This hot solution is slowly added and blended to a refrigerated container, contaiming

water (50 ml).

The inside temperature is adjusted by means of the flow of the refrigerant fluid and
the volume of aggregate of the hot concentrated solution, 1n order to keep it between 15 and
25 °C.

The aggregate requires around 3'2 hours.

Once all the zoledronic acid solution 1s added, it 1s cooled down to 0 -5 °C
maintaining this temperature over 2 — 3 hours, it 1s filtered, washed with 1ce water (30 ml)
and dned with air flow at 50 - 60 °C. '

The obtained product presents the following physicochemical characteristics.

Diffraction by X-rays (dust method)

It presents peaks in at following values of 26 9.2; 10.4; 14.7; 16.4 ® £ 0.2°

The diffractogram is the one shown 1n Figure L

Titre (potentiometric): 99 %

Humidity (Loss by dissection): 16.6 %

TGA_(Thermogravimetric Analysis):

The obtained curve is shown in Figure II.

DSC (Differential Scanning Calorimetry)

The obtained curve 1s shown in Figure 11.

Infrared Spectrum (KBr)

Absorption at 3578-3011; 1643.6; 1579.9; 1549.1; 1443.0; 1414.0; 1387.0; 1294 .4;
1155.5; 966.5 cm’™

Corresponds to Figure II1

Example 3 — Zoledronic Acid Monohydrate

The raw humid zoledronic acid (equivalent to 90.3 g raw product), obtained
according to Example 1, 1s suspended 1n water (3050 ml).

The suspension is heated at reflux, with agitation.



CA 02615418 2010-05-04

Water 1s added up to a total volume of 3750 ml, by which a total dissolution 1s
obtained.

The heating 1s then interrupted and the agitation, allowing it to siowly cool down to

ambient temperature.

Once the inside temperature 1s around 70 — 80 °C a frank crystallization starts.

Once the ambient temperature 1s reached, it is cooled down to 2 — 5 °C, maintained
at that temperature during 1'2 hours, filtered and the precipitate 1s washed with ice water.

It is dnied n a stove with air flow at 5°C - 60 °C.

169.3 g (89 %) colorless crystals are obtained.

The loss through dissection (6.8%) confirms that this 1s a monohydrate.

This substance, by diffraction with X-rays, dust method, presents peaks at the

following values 0f 20 12.1; 12.8; 15.7; 18.9 + 0.2, coincident with those described for the

form I (US 2005/0054616).
Figure I A shows its diffractogram of dust X-rays and figure IV A the lay-out of the

atoms 1n the unitary cell of the crystalline network for this form.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A crystalline trihydrate form of zoledronic acid.

2. The crystalline trihydrate form of claim 1, wherein its diffractogram of dust X- rays
presents peaks at the following values of 20: 9.2; 10.4; 14.7;, 16.4 + 0.2.

3. A process to prepare a crystalline form of hydrated zolendronic acid according to
claim 1 or 2, by dissolving raw zolendronic acid in hot water and adding this concen-

trate into refrigerated water in order to achieve a crystallization temperature between 5

and 35°C.

4. The process according to claim 3, wherein the crystallization temperature is between

15 and 25°C.

5. The process according to claim 3 or 4, wherein the following steps are conducted to

obtain the raw zolendronic acid:

a. reacting 1- imidazol-1-yl acetic acid with phosphorous trichloride and water, us-

ing methanesulphonic acid as a solvent;

b. hydrolyzing, by adding water and heating, intermediate substances generated in the

reaction; and

c. precipitating the raw acid of the reaction means, through partial neutralization and

cooling.

6. The process according to claim 5, wherein a molar ratio in step a. of phosphorous tri

chloride: 1- 1midazol-1-yl acetic acid is comprised between 3:1 to 8:1.
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The process according to claim 5, wherein a molar ratio in step a. of phosphorous tri-

chloride: water 1s comprised between 0.8:1 to 1.2:1.

The process according to claim 5, wherein the hydrolysis in step b. is conducted at a

temperature between 80 and 125 °C, during at least half an hour.

The process according to claim 5, wherein, the partial neutralization of step ¢. 1s con-

ducted by means of an aqueous solution of hydroxides or carbonates of alkaline met-

als.

The process according to claim 9, wherein, in the partial neutralization, the solution is

adjusted to a pH comprised between 0 and 0.9.

The process according to claim 9, wherein, in the partial neutralization, the solution 1s

adjusted to a pH comprised between 0 and 0.4.

The process according to claim 3, wherein the concentration of the zoledronic acid in

the hot solution 1s between 1 and 3.5 % (w/v).

The process according to claim 3, wherein a temperature of the hot water for dissolv-

ing the raw zolendronic acid is between 50 and 105 °C.

The process according to claim 3, wherein a temperature of the hot water for solving

the raw zolendronic acid 1s between 80 and 100 °C.

The process according to any one of claims 3 to 14, wherein, once the crystallization 1s
completed, the following steps are conducted: cooling down, filtering the precipitate,

washing 1t with water and drying the end product at atmospheric pressure.

The process according to claim 15, wherein the drying of the end product 1s made at

the atmospheric pressure and at a temperature between 20 and 80 °C.
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17. The process according to claim 15, wherein the drying of the end product 1s made at

the atmospheric pressure and at a temperature between 30 and 60 °C.

18. A Pharmaceutical composition comprising, as the active ingredient, the crystalline tri-
hydrate form of zoledronic acid as defined 1n claim 1 or 2, together with one or more

pharmaceutically acceptable vehicles.



CA 02615418 2008-01-15

PCT/EP2006/004473

WO 2007/016982

1/7

iyl .
or

YUY NIUDY SIS YV AW

gt

o~
\

.%.!
] Y

|
|

w
d zJ

,“_p,

); M w\.
!

SABY-X ISnp JOo weiso)eJJi(q

JBIPAYLI) PIOY JIUOIPI|0Z

e

fas

[
|

B

b
H

_

m

$¢

Lo

3
] 73

]

i

4
"t
T
_‘
It

;

r

a . hl..lri.rllbrll.»l.[.rll.rllu! NS ..r:wlk.r:lr e & | L

ﬁ t w..x

.,.,-.-.-.-—nnnr;

 2Ang1

WAL TG AW
ﬁ 1

St

‘-?Ml’l ~rrllt[rrt".y&lllﬁ tq.hlilt.l.. -~

-
WA RS A AL by

= e e SN AR 30 3 L L

a4

1

3

T T T T T Y
™=

b )1
S
"y
'w




CA 02615418 2008-01-15

PCT/EP2006/004473

WO 2007/016982

2/7

JSA PUE VDL

dJRIPAYLI} PIOB JIUOIPI|07Z

[D] dwa] |
0000y 0000E 0000 0000L 000
00°0Z- |
F 100°S
000}~ - _
% PSP EL- 4
j Bwoos 0-  $507 JuBlon
000 | oo
.T 9Z6°LOY pu3
] 2. 861 Ue)S
ﬁ %9LZ 9L
soaL L Bwzeo L-  $SO7IYBIBM
| N9E 121 pu3 .;
# 02¢°G/ Uels |
] - 1 ) ]
AN Buw
v1Q VoL

I1 21n314




CA 02615418 2008-01-15

PCT/EP2006/004473

WO 2007/016982

3/7

wna)oadg pasejuj

JJBIPAYLI) PIdE JIUOIPIO7Z

6" 000}

0°009F

. .
. 4.. 1 - t . {
‘ t $ i ; : . 3 : . m 3 b : t g : :
) * -r : - . . - . - IpMr =W - | . 4 WA = s -’* bt mgllappamn el gl
} ﬂ ? - as g = = Ao b - Juy xv}not ~ - - @l = * 4 LR M) Y 0 L e T
’ - . . of.w H + - e e ] - é ﬂ . . " . . .— W T
' - .
. i q .
4 [ v - - »
M . N h! N H m 3 M - ' . e e l# . o
s y M $ ; : : 3> ? S 3 . s : =
- - . . P © ; . . . * s . S
i : . . : . ! . ; g .
. H . . : . Iy } : ! s : f ramd - —ge g —
. . . - NPt - . . - TR IS PR 4 g apwrny rear rreg e v asae -
W . - w3 “.... . > . g e -" hvia vo « g wqdt - asw—s  Tuw E A ~e . L 1Y DL = SRR -~y \5’8 » - . M. ™ ’“.r
N - P v “ - u- - t. ) ™ -3 “ " M ﬂ
-d £ i
' i ﬁ b4 ﬂ . N - - - o - + @Y% - . ow
W ﬂ . ~ - - . M * v ﬂ - N . .I.Q * -1
- ﬂ 4 > - —— Y > - Iﬁ ‘. . v “ . 3 v
* . .
H M 5 H » : 1 . m "
4 . s 2 i ’ . .
i o : w Ly o 1 [pe—— et : Sk w vy Pl VAT T o P e ST . r————4 RSN M Sl S P :Viiviov’novno‘-
- . - - . . - - ol - PPt L IT] . rady LY S LIl o Al lass dous L A bkl 4l " .
e ’ N i . . el v AN TIRP N PA s P e Y, Parar Rip A, 2Nl P4 P S P B e L Lot bt Lok sfrwriewld g Hie Lht s Sl ol ol d ] \(s...!-tf!tlv Al b .. . » - - - -~ :
. DAY .-..’tu!-.!.l.’c.ol.u.r'.I'.aot‘<3-v...n:.¢v-!.u.t!"'.. T Ll el L] 1*.1""3!.30' -os!l'l iﬂ‘..!; 2oy i rar vl bawes - dne whopdy oy b etk B -i-v L T L bl o Q.M Ty : d . by ; w i : " " “ M % 5 ‘
[ 4 » # . - s . I : _ . g
4 1 " H : i
— - “ \0 .IO- w ' — “0 - - ui - # - -— . u. - Bl Al -- " chIi( e R Lok e
. v el "li 0- - - N -~ . [n - & )v‘l‘l" —— LI Y LY - Ay * — dp— 4 L ol - M - . — . m ()
: W TR ) ; ‘ C S ,
: “ : ﬂ ' e A . b~ N - -sc ‘ FLL VU - g A | 4 - vy YL e WRAW
| * » - r | 8 3 m a4 winy . m . o ‘ : ]
-- i H i
" “ h N - u - “
1 3 - - .
M _ [ 3 . [l ﬂ N a - - - P - 4 - . .l' . r * - 1 - P aa v B Cpgrasa » "
. = 4 .3 - - - - L 4 " - Y m - .- 4 4 - . - w . m u
i : . : : Rl S : w " . |
) ' : . N “» - g - . - - R
‘ " | . 0. " . N .0 . . . an 4 . b PR Y - gl “ y A '...M»i’ot g s b W " , - - .h\(rt - .- L I ] ~ v - Ed WP PréTE T A N . re- CR .
. - .G - s ~y s H B Y . y ' H Y w. - ‘
' Ld
- 0; H -y 4 N . . H
] ] t : v - - - ®is = | X J » - - g
L . 8 M + m ‘ .‘“ - ALl g -1 - -- b.l o e L ' - - m L -v Wl - - - m - M N s
-+ - . - . - 4 B - ;
4 vﬂ n - - [ .
* » : - m,.
“ 3 : n N * m B 8 ) o= - - - - : - I-iﬂb’ - - O TVERY VR * vigpim @ Mdh Af 4 w-d LE E - . o g i &
4 6 — . » - * - . .- -y - e - p= w s v -  rivare by s wirrome - . . e < ; ﬂ ;
- gt 4 - - ’ ﬂ " " ~ - s - . v v m . ) ‘
u . ¢ & m 1 “ 4 . . w
. w N - v . ﬂ.n & - - - - - =3-2¢ A 8 - i v - e s L )
HE : - M : SRR SR _. . S - r
- v - v - . 2
it | : ;
N . m w u . 2 N . W »
u M . M N - - v & ey v -7 AN PPN P A - -~ e . s . -1 - Lo N
. -~ - . ‘ .ﬂ “"we v saqr 2 . - - m * .- i
2 K i -l - . G M 1 m r
s -
Ilf_ . h 3 ; s . - » . N
3 3 ! 1t g - l.lﬁt( ™~ + YY) - - Y Ay Ay .MQ - - - ~vrgr—an ‘@ - an [ e o ) . y—- !.‘-,I'I - At SAne ™
* * . - — ne (13 ’ ad ~ 4 -~ v - gh— - IM - HO - - 3 4 "
. 3 4
: £ 3 : : P, .
: - s - . L - r Ll -
- - .H-Ql : . - v i G4 et b G l’l‘..r..lliljuﬂ p— v o pamb e P d s by e d P AR Ul o g B A 8 4 e s - | T N A 4 P b 0 o R Bt ety v b AR G B 4 B s S ] L Pl M s IJ loll..l.j. ¢
- . - - . b - -
. MY U gyt b i 4 ¢ Y Pty O ey AL 4 - oA 8 h s dpd gt P e a o e I\I«Ia'i w * - b .“ : w nw .
. . Y “ N M , ,
* 3 : ’ M . - v . . ) > T Y
* - - - - - - -— -t b
@@ @ i - t U 1 - -~ “ - -— —— ’ W. - - - m wwh N m . .
“ . - .
m . * M - " " m -
3 . i . > < ~ -
a - . . - g - -+ - '
4 - 3 .o - Yoy w > - . v ey - . ¢+ 'M.l{\ ] - - ’ l....o - 1“ m
. - 4 : .
. : . »
* : 1 ’ . . .
- - “ - n » M . i - —a— " - - - - - o1 vrhsaBo. " — - T -t wban g
M ’ - * - -a -~ . v e ~—9 T L) —hh oy f.!di.t -y " wi e gty Fo e - . - AN - fs il . v - *
) - -+ = v 3 . - ' . o N : :
i ; e : ; ~ ; . —tr : : : ¢ 3
4 ¢ e . N P— b AR TS BT (ST Tr S s . v
H v - - - -~ ' ol ded — = BRavs = of -~ =+ Laal L SL g pmppbpys iy P v
r - s w - - - S el w - a v b= e g ..c.m&.l P~ . \..M o . ﬂ , ) 4 m i m
¢ w ' M ‘ M H “ M Vv
b L
h u . n - m.!l -...-!.‘ 1T E) s s Y T Y & ass rve v - .m. -~ - - .
- h -4 - . - a - PP = - - - ' - ap- ¥ # oy - - ' : : .
- - - L - [CEELE * D L L * - “ b . a .- .
: . $ » . ’ 3
“ . - . - - v m _ v . o -
* . m ﬂ ﬂ - -.{.“-I ot oy e a4 . T ..-uk. ve vl 'Pr' “ — L~ e g -V\I an ﬂ] - »
s P v Suheb v Bedy - .- ' - - ’ - -~ - v A v
. .1“ * "y AE Badd -y amb - Ll -~ . - e @ ake N = ‘. - - ﬁ " Qr - e M - M
" : : ; ; t ¢ i
" t n ; - —_— .- l. T - . - — b = — - - ‘ii.“ - g . oA o
H 4 i ﬂ -~ - - - pot— ” .t - i s ’ - b ’ D e L] :
Sprpryreppmpy =, w a2 WaPor - ree P~ . ‘. - , / m .
. -
< ﬂ + Pl 4 - - 4 . — . .. m .
p ¢ - ‘ m . Sl et L - «h Jﬂ - - . n 3 v )
. - v - - *
P | e * > . { . ﬂ
u H . 4 - - -
' i ; ~ * = + - 4 r e e - [— ' e " b - w . ey m v . ] L
¢ - - ’, l e Pres ~ w N L L -t halt ™ . * . . " ﬂ . : " M , :
* -
T o m s . t : 3 . i .
“. h ﬁ n m . lili‘ll.' Ml.ol'l-.ti’.'!’l.il.ifll" oy rvatm - ey B P .
' . - -t —y 4 Pan ot p W W gl o &S i "~ TR L - . ,
M - - - . [ At d il - At & i 1 ey st v el | b et 4T vt hys B B s A e, A 8N el = II-I‘ b ] . ‘ )
’ vl Sl - s!.-i.(lu‘l.’.. wv g Grus, Fhub « Al e * ;T}.»l’i‘lq?!ioi? e n TAE ST o TT SR T L 2 T ¢ orrtpa- pE Vg e T gy v- ST M grh gy T - " L aand h u — m { m
: . i . ‘ H N N I g .
: e . . . - - . o . a8 Ay e . Y R .. I 2l molies. LY - P oad dw PR deaat /e .
4 . - ok bagemme e = @ Wia =E e - il wa Wn Sam T N ol Sade A WI!!...;.&...IIQ.IIV.%.’{I B e o L R R iaitd A - N~ A dwp ﬂv LI L T E TR S il Gaians m , )
- ws A et ov" - e - & r— T M L L L JL LT Py, Y ¢ ¢ ™ " nv v “ ‘
: 4 . . : ¢
v r b | . * L] -4 4 ' -
: H . - ' - - o> s . P - S— e e ¢ +e . - i e . Y i
” o -, . . - -t -~ .- ¢ - e Mmoo - - “ As . - - ﬁ . ..ft L o~ “
i B : : ! ! . . . t
3 H
m 4 N 4 - -. ' N 2 ot [T R Q\..l.f s v=aph
: “ n . s. PR 1Y - .t“b. -’ e b eV . ] wmb o vmrledndim v o LdrdRre o A . CLEL LI 1 e Asd -\'l W - »
PO, . -~ 10 W - alibiy g Pt (g " - w. « " » e s-naatted Nw W "o oSy . - - { . 4
—_ . Gont. . 6 % Avm hw S v e m e e - ~ Ml A e w . H . . . . 1
: n . " M - L] < 4 L s
. - s . . - ‘ ‘ M w ) -t s w? tm o
’ . i c s J— - an P ~) v ——- s - - ~ - e~ - - - P A e b - - Im . m
. " - - - . v - e - £ 'nd ’ L T | L 11 v - “ - . . : " . “ -
i : | v . : ) : : i :
s . . - ‘ H s..- 1 gun $ei goempen [T a——— .u. - - o ey P t(’ P we sem " ‘.. 4 e &ee
H ' 4 | ’ - > ! Ao - . - 4w PR VR benAeba ey Lvprige - v - v L3 { 3
" - v ot - bae ol - S il L A - ‘s * . - - ’ ‘ m ¢ . * .
. , : :
; : . i . ! :
' : ’ 4 P u ‘ - - s ~ ) - — - 1 et e - e P ey S m= 61
» i M _ M POTo . lh. a @ . o w ;
. ' — | - . .r - |
’ . ) . 4 H 14 M
{
. u 14 M 4 .u » 4 » N . M L ) .
. - i .m - .- » B R I wis Ymusw R . 4 T e % -~ » ey - - P
r W .»u .pe . L o N bawrn 4 “ s In FELEPE " - v ’ A 1 - - . ﬂ o
’ ! v - H - *
‘ { ' ’ v ' » 1 .
i . i i = 9 - - B - P Aew e R e ¥ - - + - - At - > - - .
. - - » . - - — - - —-— a - - " . —* h
g - SR v e e i . . T : :
m . ' | ‘ w i e
: h : 4 1 : . " e » - + ‘. ) S .y T LR e
3 . N T PTL S LD . aline . -~ L . - - - " . -y
% . : . P 4 e e e e N . b M “ i
- v . s
. ’ :
| . * _ ! . —y by u L . mloi el s = b . p-a}-ed .
' - . ¢ - - . - i P e s - AP B R -y - i Pt B .
- .- ‘v e A w.. sanm bt vlan § AmE bl al e~ Bty o Ba g P § s G g ey ol A b i.!ll.y-'ir"-ioi e rprnd g o Pk W o gt b v 4 !Wl! vt e b MRS P 3 e Sef Su At A . e » M
.. 1 P ey ¥ ¢ el bl S e auirspeiey ferwie s S-S b S .‘1:-{{0..‘!‘.""!1.!‘" — il Sl Sl Teraad B iy N W ; M : ﬂ ﬁ ,
o ¢ ’
1 14 = ¢ '
. - $
— . . . Ve i - o < - * s -
’ . ' R . M - - - - 4y e . 4 ] A
.- M ] .”.I ' “y Y eg s % Maw Nody - ' SCTE P REPTI 4 " ~ i * PR oA - 4 .ﬁ.u \ 1 M LY W - . m d
T T ) . 3 ! < ‘ . . 3
C ¥ A " L ¢ h F » ﬂ [ 3 -
{ ! ! ) * H .
: ‘ — 'S - - - - -+ . . — - .
. ] ' R 4 - - - - - _ 2 v ) m
TS - w - + “q o - - M s : ’
- - . . s .
: ’ 2 ; s b4 .
u L H 4 b+ - . | . L - ~ - ’
. . » "
’ » - > .“ - w “ : ” : ”
4 " v . - w . 3
a ! :
u “ » w M “ - ’ v ¢ w < - u Av . —
- - - ‘ “ . - .
- - - - - & . ‘ +
M. : . w a m . u- . “ i .
- 4 :
{ . . . S4dean. silpus Pu ' | RO N L -y - v - % - . Ll e T - paw gt
M H ’ : e h A N e ¢ e N -~ *ll..o. . e_d Wes poved wan = .
- - . 4 -t v o o w * - a -
' e o .
* “ ! ~
@ v ®@ L

R A

II1 21n31 ]

LA



CA 02615418 2008-01-15

PCT/EP2006/004473

WO 2007/016982

4/7

[]99 A1ejiun 9y} ul jno-Ae| [enjedg

dJBIPAYLI} PIdE JIUOIPI]07

Al 2In31g



CA 02615418 2008-01-15

PCT/EP2006/004473

WO 2007/016982

S/7

SABY-Y ISnp [8I133103Y) JO weI30)IeJJI(q

JJBIPAYLI} PIdE JIU0IPI|O7

ELZ=1MY
218U} Z
00t 0'GE 0'0€ 0'G 002 _u_.E 001
I IR FTHMETH I 11 ___ I 1] |

\AEILEE

U5

00
00001
0°0002
0'000€
0°000F
0°0005
0'0003
0°0002
0°0008
0°0005
000001

Misuaju|



CA 02615418 2008-01-15

PCT/EP2006/004473

WO 2007/016982

6/7

e\l Z.
0y
QR Y S S DU G
_,)Slw}t»}\.\t.!

SARY-X ISnp Jo weaso)deyji(

djeapAygouow pIde dU0IPI[07

SiLnNNdD

dq I 24n31y



CA 02615418 2008-01-15

PCT/EP2006/004473

WO 2007/016982

7/7

[[29 A1ejiun dyj ui yno-Ae| [enedg

djeapAyououl pIde duoIpadjo7

V Al 2Insiy



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings

