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10  compositions comprising the novel crystalline forms are also contemplated.

BACKGROUND OF THE INVENTION
Lercanidipine (methyl 1,1,N-trimethyl-N-(3,3-diphenylpropyl)-2-aminoethyl 1,4-
dihydro—2,6-dimethyl-'4-(3-nitropheny1)pyridinea3,5-dicarboxy1ate) is a highly lipophilic
15  dihydropyridine calcium antagonist with long duration of action and high vascular
selectivity. Its mechanism of antihypertensive activity is attributed to a direct relaxant
effect on vascular smooth muscle, which lowers total peripheral resistance. The
rccqmmended starting dose of lercanidipine as monotherapy is 10 mg daily by oral route,
with a drug titration as necessary to 20 mg daily. Lercanidipine is rapidly absorbed
20 following oral administration with peak plasma levels occurring 2-3 hours following
dosing. Elimination is essentially via the hepatic route.
By virtue of its high lipophilicity and high membrane coefficient, lercanidipine
combines a short plasma half life with a long duration of action. In fact, the preferential
distribution of the drug into membranes of smooth muscle cells results in membrane-

25  controlled pharmacokinetics characterized by a prolonged pharmacological effect. In
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studies show that isolated rat aorta response to high K+ nay be attenuated

by | ercanidi pine, even after the drug has been renoved fromthe
environment of the aortic tissue for 6 4ours. 5 Lercani di pine is
comercially available fromRecordati S.p.A (Mlan, Italy) and has been
described along with nethods for making it and resolving it into individual
enantiomers in U S. Patents 4,705,797, 5,767,136; 4,968,832; 5,912, 351; and
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| ercani di_pipe, is an residue that must be purified hy, flash

chr omat quaglfgﬁl)ated rat aorta response to high K" may be attenuated by lercanidipine, even after the
drug has been removed from the environment of the aortic tissue for 6 hours,

5 Lercanidipine is commercially available from Recordati S.p.A. (Milan, Italy) and
has been described along with methods for making it and resolving it into individual
enantiorhers in U.S. Patents 4,705,797, 5,767,136; 4,968,832; 5,912,351; and 5,696,139.

A process for preparing lercanidipine described in U.S. Patent No. 4,705,797 involves the

following scheme:
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(1): xylene at reflux; (2): toluens, 85°C; (3) HCI +CHCly; 0°C; (4) HO-CH(CHa)z at reflux
10 Crude lercanidipine is an oily residue that must be purified by flash chromatography

using chloroform, containing increasing amounts of acetone, as the eluant. The solvent is
then evaporated to dryness and remaining residue is dissolved in methanol adding a small

excess of hydrochloric acid in ethanol. After evaporation of the solvent, the hemi-hydrated



usi ng chloroform containing increasing anounts of acetone, as the eluant.
The solvent is then evaporated to dryness and renai ni ng reg 2lW&Bi 2006

di ssol ved | ol adding a small excess of hydrochlori L

et hanol . A?@%gﬁéeggoration of the solvent, the heni-hydrategcgﬁggakgm2006
WO 03/014084 PCT/ EP02/ 08699 3 hydrochloride salt is prepared by treatnent
with diluted hydrochloric acid in the pﬁesence of sodiumchloride. A mgjor
di sadvant age of the process of preparing lercanidipine, as it is described

in US. Patent No. 4,705,797, is that the disclosed cyclization reaction
generates several by- 5 products, which results in a lower yield for the
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| er cani di pi ne hydrochloride. It involves reaction of
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10 U.S. Patent 5,912,351 describes a simpler process for the preparation of
lercanidipine hydrochloride. It involves reaction of 1,4-dihydro-2,6-dimethyl-5-
methoxycarbonyl-4- (3-nitrophenyl) pyridine-3-carboxylic acid with thionyl chloride in
dichloromethane and dimethylformamide at a temperature between —4 and +1°C and
subsequent esterification of the obtained acid chloride with 2, N-dimethyl-N-(3,3-

15  diphenylpropyl)-1-amino-2-propyl alcohol at a temperature between —10 and 0°C. The
proc;ess yields lercanidipine hydrochloride in an anhydrous non-hygroscopic crystalline
form, and avoids the formation of unwanted by-products and the subsequent purification on
chromatography columns.

However, the isolation of lercanidipine hydrochloride in crystalline fqrm is again

20  quite complex. After evaporating the solvent from the reaction mixture and dissolving the
residue thus obtained in ethyl acetate, the solution is washed first with brine, then washed
further five times with a 10% solution of sodium carbonate, five times with IN

hydrochloric acid, and eventually once again with brine.



further five tines wth a 10% sol uti on of sodi um carbonat e, f|ve times with
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form whi ch avoi ds one nore of the di sadvantages of the currently used
processes. In addition, it was observed4that |ercanidipine, as produced by
t he second-described 5 process above, displayed batch-to-batch variability
despite careful process control and even observation of the nelting point
believed to be characteristic of the solid product obtained by the process
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reveal ed batch-to-batch differences in bioavailability in animls, and
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- more of product appearance (e.g., color), melting point and solubility. This raised issues as

10  to whether assurances of purity and/or reproducibility can be made (e.g., to regulatory
authorities) that the product is always the same.

Furthex.' research by the present inventors revealed batch-to-batch differenceé in
bioavailability in animals, and differences in crystal size. In the course of researching the
causes of the variability problem, the inventors surprisingly discovered novel lercanidipine

15  hydrochloride polymorphs. They also discovered more suitable processes for the
prepération and isolation of crystalline lercanidipine hydrochloride products from the
reaction mixture. It was surprisingly determined that lercanidipine hydrochloride shows
polymorphic features and crystallizes into different érystalline forms depending on the
process followed and on the solvents used. Furthermore, the isolation of each of individual

20  crystalline polymorphs has become possible, thus decreasing the possibility of batch to
batch variability of lercanidipine, which the present inventors determined was due to

mixtures of different solid forms being present by the same batch and to such mixtures of



m xtures of different solid forns being present by the sane batch and to
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5 SUMVARY OF THE | NVENTI ON The present i5nvention provi des novel crude forns

and crystalline forns of |ercanidipine hydrochloride and pro
maki ng them |In one enbodi nent, the invention provides novel
| er cani di pi ne hydrochloride Form (A), which has a nelting po

cesses for
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Form (B),
In a further
Form (1) is

provi ded which has the following X-ray diffraction pattern, at wavel ength
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presen mvent?on provides novel crude forms and crystalline forms of

lercanidipine hydrochloride and processes for making them.

In one embodiment, the invention provides novel crude lercanidipine hydrochloride

Form (A), which has a melting point of about 150-152°C (DSC peak) and comprises about

10 3-4% (w/w) ethyl acetate.

In another embodiment, the invention provides novel crude

lercanidipine

hydrochloride Form (B) which has a melting point of about 131-135°C (DSC peak) and

comprises about 0.3-0.7% (w/w) ethyl acetate.

Methods are provided for the independent syntheses of crude

lercanidipine

15  hydrochloride Form (A) and crude lercanidipine hydrochloride Form (B), making possible

to obtain each crude form in isolated form.

In a further embodiment, isolated lercanidipine hydrochloride crystalline Form (1) is

provided which has the following X-ray diffraction pattern, at wavelength Ko wherein

distances between peaks (D in X), relative intensity ratios (I/Io) ratios, and angles of

20  significant peaks (20) are:



DRel ative intensity
4.106321.7 4.063621.

Tl ting podte o

term ned as DSC peak.

)2 0 angle 16.3835.4 6.24714.2 4. 7829 18 6
010022. 8 The | ercani di pi ne hydrochlg
) has a nelting point of about
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In an alternative

| sol ated | ercani di pi ne hydrochl oride crystalline Form 5 (I1) is
at wavel ength Ka, as

whi ch has the following X-ray diffractign pattern,
shown wherei n di stances,

(I/10) ratios,

provi ded,

and 2 0 angl es of significant peaks

are: D (X)Relative intensity 02 0 angle 9.3359.5 6.04514.7 5.496516.1
4.655219.1 4.277420.8 3.814123.4 3.7710023. 6 3.584424.8 3.542925.2 The

| ercani dijpine hydrochloride crystalline Form (11) has a nelting
about 10 211 1T, when s dﬂatﬁ?@hﬁtbﬁﬁinyqym)t i§9(§§glgrm ned as DéC peak. 0.2
FEB 2006 0997
: 116.3 83 5.4
6.2 47 14.2
4.78 29 18.6
4.10 63 21.7
4.06 36 21.9
3.90 100 22.8

197-201°C, when said melting point is determined as DSC peak.

poi nt of

The lercanidipine hydrochloride crystalline Form (I) has a melting point of about

In an alternative embodiment, isolated lercanidipine hydrochloride crystalline Form

5 (ID) is provided, which has the following X-ray diffraction pattern, at wavelength Ka, as

shown wherein distances, (I/Io) ratios, and 2 0 angles of significant peaks are:

D X) Relative intensity (I/Io) |2 6 angle
9.3 35 9.5

6.0 45 14.7
5.49 65 16.1
4.65 52 19.1
4.27 74 20.8

3.81 41 23.4
3,77 100 23.6
3.58 44 24.8
3.54 29 25.2

10 - 207-211°C, when said melting point is determined as DSC peak.

The lercanidipine hydrochloride crystalline Form (II) has a melting point of about
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The present invention thus permts obtaining mxtures of Form|l and Form |
having a predeternined and reproducible content of each foBd Fihd0lb
optional |y her fornms of Jercanidipine, such as,a SO
provi ded dwg%#égwgés of syntheses in which each of isolatggkﬁggggﬁyﬁ#pine

5 hydrochloride crystalline Form (I) an? Form (11) may be obtai ned,

I ndependently, fromthe starting material of |ercanidipine hydrochloride
crude Form (A) or crude Form (B). Also provided are pharnaceuti cal
conpositions conprising (1) crystalline |ercanidipine hydrochloride and
optionally other forms of |ercanidipine, such as anorphous, wherein the
crystal l'ine | efegiéshintdentiondh@qiehaiid SistaintneSalxeares O F&AN Air v Bavifl

consi sting of |ercanidipine hydrochloride crystalline Form (1),
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(2) at |egast.. ae conponent sel ected fromthe group consisting of a

phar mace \ao:! -§wa%§BSFQEPB’ H¥rier or diluent, a flavorant, a sweetener, a
preservati ve, dye, .a binder, a suspending agent, a dispersing agent, a
col orant, a difSshPEyidad arejnethads ek eymthesay in avhich erchanf isolatad) lsmamidipine . and
an edible oil'. In certain enbodi nents the aforenenti oned pharnaceuti cal
conpo§i t ihydrocklosde prystallithedFoam () ahdfoga (D mmychepbtaimedgndependentlsl froreahe
hydrochl ori de crystalline Form (1) or Form (l1) or a conbination thereof

havi ng asprggahstenalof dertaidipinethyarcRloride eFde Pesth Tl bPerudEeemm (B0 | n further
enbodi nents, the invention also provides for nethods of treating a subject
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t hereof co i sing a.predeterm ned ntent of each formto a subject in
need of &We Ii]f)}l% é’ﬁ??éﬂg the crystalline ?ercan(l;gp}ne hydrochloride is selected from thcJ group

10 consisting of lercanidipine hydrochloride crystalline Form (I), lercanidipine hydrochloﬁde

crystalline Form (II), and combinations thereof comprising a predetermined content of each

crystalline form, and (2) at least one component selected from the group consisting of a

pharmaceutically acceptable carrier or diluent, a flavorant, a sweetener, a preservative, a

dye, a binder, a suspending agent, a dispersing agent, a colorant, a disintegrant, an
15 exéipient, a lubricant, a plasticizer, and an edible oil.

In certain embodiments the aforementioned pharmaceutical compositions are
provided as a dosage form comprising lercanidipine hydrochloride crystalline Form (I) or
Form (II) or a combination thereof having a predetermined formulation of each crystalline
Form.

20 In further embodiments, the invention also provides for methods of treating a
subject with arterial hypertension, the method comprising administering a therapeutically

effective amount of lercanidipine hydrochloride crystalline Form (I), lercanidipine



I n other enbodi nents, a nethod of treating or preventing atherosclerotic
lesions in arteries of a subject is provided, the nethod gq:g:jasp_m@

adm nistering _a therapeutically 5 effective anmount of |ercanidipl ne

hydr ochl or W§&3013&t al 1 i ne Form (1), 1 ercani di pi ne hydrochld%?ﬁ%“ﬁﬂ@@?alIine
Form (11), or conbinations thereof conprising a predeterm ned anount of
each form to a subject in need of such,treatnment. In preferred aspect, a
subject in need of treatnent is a nannﬁl. Most preferably the subject in
need of treatnent is a human. 10 These and ot her aspects of the present
invention will be apparent to those of ordinary skill in the art in |ight
of the present description, clains and figures. BRI EF DESCRI PTION OF THE
DRAW NGS Hyidesthtoritle| crystalBAé PO (IINSS: evnabinations ladrédfesbnipHsinta pracktcinidene
Form (1), ‘according 15 to the working conditions described in Exanple 12.

The ordi-rh%hgen'tgﬁ%@gﬁ&gﬁg&é@@%f*{&gdomcﬁma&%ﬁg_absci ssa tenperature in C

Figure 2 1s a, alysis carrie on crystalline Form (I1),
according to the worki condi tion scribed in Exanple 12. The.ordinate
i ndi cat es heatﬁﬂ%&ﬁ/efr‘ﬁogﬁb@g’ma Tﬁgoﬂiﬂggf’ég’ﬁ O(Ié’ﬁi)véfl{%{l%? e}’%gﬂﬂmﬁgeﬁiﬁ“}j&‘e 3
is a graph of the results of the thernogravinmetric tests carried out on
Form (| )arigries pbersublert) is provided: theemgthod comprising asninistering rip therapguticpily
absci ssa indicates tenperature in C and the ordinate indicates percent
mass §ar iedfecive athddnFEE XiCGidipibeO ByGrbdhlsrddECHyEMNiAé OBaN® d),Ficycanddigines a
graph of solubility at 25C of Forns (1) and (I1) in ethanol at i ncreasing
wat er  ComyafichREde Reystalitee Berae (IS coniifatidfS eerdThokrp pfedbfermiliee

ordinate indicates % solubility expressed as w w and the absci ssa % by

wei ght  of ??ﬁ «%a)@h If(%ﬁrg ?ﬁghglrjgcét{:ﬁ%‘ééc? oPsich tRafhét [0 bretdktPidpbdtya &ibjédtPC Of

Forms (1) an
in need of treatment is a mammal. Most preferably the subject in need of treatment is a

human,
10 _ These and other aspects of the present invention will be apparent to those of

ordinary skill in the art in light of the present description, claims and figures.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph of DSC analysis carried out on crystalline Form (I), according
15 to the working conditions described in Example 12. The ordinate indicates heat flow in
mW and the abscissa temperature in °C.

Figuré 2 is a graph of DSC analysis carried out on crystalline Form (II), according
to the working conditions described in Example 12. The ordinate indicates heat flow in
mW and the abscissa temperature in °C,

20 Figure 3 is a graph of the results of the thermogravimetric tests carried out on Form
(I) and Form (II), respectively, as described in Example 13. The abscissa indicates

temperature in °C and the ordinate indicates percent mass variation.



i ncreasing water concentrations. The tests are described in Exanple 15. The
ordinate indicates %solubility expressed as ww and the algsrFgEBa20%% by
wei ght of W%ttﬁfo jgay€thanol . Figure 6 shows 13C NWR spectra in solid phase
of crystall'ing Fori (1). The signals and attributes of thdTHFFROBWAdI ng
carbon atons can be found in Table 4. 10 Figure 7 shows 13C NVWR spectra in
solid phase of crystalline Form (11). The signals and attributes of the
correspondi ng carbon atons can be found in Table 5. Figure 8 shows IR
spectra of Form (l). The signal and corresponding attributes can be found
in Table 6. Figure 9 shows IR spectra of Form (I1). The signal and
‘corresponding attributes 15 can be found in Table 7. Figure 10 represents
percent aver addgubdeist 2 arapbnobsolubilityat R5Cnef Fyauso (Ml andi @Y ini athdegl & asna
after adm nistration of crystalline Form (1) and of crystalline Form (I1)
in an arnemasing vistergthgenirationfle The ' dXpefimentdaid @akAbdd if 3G Ehﬁfhe
t he

_ fe
ordinate indicates the nean value of concentration in plasna anc}

absci ssa draighte 3hdisatbd iH; A : j r) Show X-r ay.
diffraction spectra a(t%es\k'g‘&/ﬂgll@rfgyﬁg% asailor o %??‘P%%SSQF%P#B%W(‘@}% S Wit ipy
respecti g:g{%%The distances (d) in X, the (I/10) ratios and values of 20 O

2 FEB 20 03/ 014084 PCT/ EP02/ 08699 10 angl es of the nost significant
peaks.can be fqund Ln Tables 1 and 2 below. The ordinate indicates the

numbe? of courfiEY¥ted 187 2r4pk ofpsalnbility ah JREC tofFarmisudl and () inrghaml at
Figures 13 and 14 are plots of percent .mass change as a function of tine
in  hygr dBQeISNG Wpter soneeniationise d'he Ubstoard-alessibed )in dhndpld )l 50f The bedinatdi pi ne
hydrochl ori de, 5 respectively. The ordinate on the |l eft indicates percent

mass chammyticatasr?d sblubility dkpredsed aswivhend ﬂﬁfﬁbsﬁﬁa%'&? WeSdR bf Wateh idiHidol; the
abscissa indicates tine in mnutes. The protocol for ~the hygroscopicity

tests are des@igure® showE UNMR dfbctrkinidi i Lighgget i on
spectra at vvave% engt h Ka of cru%% ﬁsph:l@e méﬁhﬁ@?wﬂ'%éjglélé@
and attributes of the corresponding carbon atoms can be found in Table 4.
10 Figure 7 shows *C NMR spectra in solid phase of crystalline Form (II). The

signals and attributes of the corresponding carbon atoms can be found in Table 5.

Figure 8 shows IR spectra of Form (I). The signal and corresponding attributes can

be found in Table 6.
Figure 9 shows IR spectra of Form (I). The signal and corresponding attributes
15  canbe found in Table 7.

Figﬁre 10 represents percent average concentration of lercanidipine hydrochloride
in dog plasma after administration of crystalline Form (I) and of crystalline Form (II) in an
amount of 3 mg/kg, in the form of a hard gelatin capsulg. The ordinate indicates the mean
value of concentration in plasma and the abscissa indicates time (in minutes).

20 Figures 11 and 12 show X-ray diffraction spectra at wavelength Ka of crystalline

Forms () and (II), respectively. The distances (d) in X, the (I/Io) ratios and values of 26



| er cani di pi ne hydrochl oride Form (A) and of crude | ercanidipine

hydrochl ori de Form (B), 10 respectively. Figures 17 and 18 @RoFEBRAMEN
spectra of“%bl_ﬁlﬁﬂsgrcani di pi ne hydrochloride Form (A) and of crude

| er cani di pine hyatachl ori de Form (B), respectively, where t RETEPORI$69%
represents Raman units and the absci ssa represents wave nunber (cni' 1).
Figures 19 and 20 show the results of the thernogravinetric analysis
carried out on 15 crude | ercanidi pine hydrochl oride Form (A) and on crude
| er cani di pi ne hydrochl oride Form (B), respectively. In these figures, the
absci ssa indicates tenperature (in C) and the ordinate indicates percent
mass vari ati.on. %TAI LED DESCRI PTI ON OF THE | NVENTI ON 20 The present

i nvent i on 2BEle% PLte most signiticantipeaks car ba fand i kablasi Inand 3rbetovof The ordinate

| er cani di-pi ne hydrochl ori de and processes for making them Applicants have
dét er ni nedndicatesithe mymberioficpunte/sévyand dbddbacissheshewsiths valugafPeangies, sm and
crystallizes in different forns depending on the process followed and on

the sol vents uFhres3pegidald aré Plots of Yerdehi AakE QA 93/ ot li FEB
2006 PCT/ EP02/ 08699 Addi t'i o'na‘l"? . t'h?’evéri'b'uS nb?/ne%éo?or n@ﬂjﬁg@eoﬁi@% ﬁlct

chom cal loRbyRi akad RS bBE o Vil PR G4 oL R
crude £1 IGEGapNS RS oG heL %, Rt SHLLOLS, oL M gLy opr oduct bl e

| er cani di pi ng drochloride. The net hods advant ageously produce novel crude
Fornms (A) &ﬁﬁ@h{%‘c‘?ﬂt relativeurmidgynthe ghasisse m@ﬁt%ﬁet?mﬂ il minytes; T pirdéogol for
characteristics desirable for industrial applications. Crude Forns (A) and
(B), e. g.thedygropopicifydests areslosartiet! int Bxammle ldst er drying rates conpared to
ot her crude forns of |ercanidipine hydrochloride that have previously been
reported. Crudéigaresnts @Ad 16 ehdvd)X-ay Uiffthctithl Sh¥ctra at wavelength Ko, of crude

lercanidipine hydrochloride Form (A) and of crude lercanidipine hydrochloride Form (B),
10 respectively.
Figures 17 and 18 show Raman spectra of crude lercanidipine hydrochloride Form
(A) and of crude lercanidipine hydrochloride Form (B), respectively, where the ordiﬁate
represents Raman units and the abscissa represents wave number (cm;l).
Figures 19 and 20 show the results of the thermogravimetric analysis carried out on
15  crude lercanidipine hydrochloride Form (A) and on crude lercanidipine hydrochloride Form

(B), respectively. In these figures, the abscissa indicates temperature (in °C) and the

ordinate indicates percent mass variation.

DETAILED DESCRIPTION OF THE INVENTION

20 The present invention discloses novel crude forms and crystalline forﬁs of
lercanidipine hydrochloride and processes for making them. Applicants have determined
that lercanidipine hYdrochloﬁde exhibits polymorphism and crystallizes in different forms

depending on the process followed and on the solvents used, especially for crystallization.



10 sinplified crystallization procedures to be used for production of novel
i solated crystalline forns of |ercanidipine hydrochloride. The _novel

i solated crystalline forns of |ercanidipine hydrochloride of UtﬁgEBr?éﬁent

i nventi on ca¥OPp¥0MM+ai ned from | ercani di pi ne hydrochl ori de araigderoz@sdss (A
and (B) and are termed |ercanidipine hydrochloride crystalline Form (1)
and Form (Il). Either of 15 isolated Form (1) or isolated Form (Il) may be
reproduci bly obtained fromthe (A and (B) internediates by varying the
crystallization conditions as described below. Forns (1) and (1) may also
be obtained using other starting materials. Both of Forns (1) and (I1) may
be obtained using, for exanple, crude |ercanidipine Form (C) as starting

mat eri al , ' q ' | ) | so _be ohbtalined using Form
(1) s st apaiaRaty 166yl Hofl foBhy it bR shehital o Pl prapBrtd an
hydr ochl orj.de crystalline Forns ()J). .. and (11), exhibit good stability.
Form (1) iE‘%Wéﬁ%?f"ﬁg"d%V“H‘abaln@}“d&@m@waééls@isﬁedsh%?mer crystal size,
higher solubility in aqueous nmedia (all conpared to Form(Il)), and a
mel ting point (DeCneuelkmetods frprepuaion\of @Bide1dD Bicaridipife 3 AABRRAdE 2re
within the rage of about 197C to about 201 C, nore specifically, about
198. 7C, armiitable fot- highlydiréfrodwible rcopahéretad ssele bavdudtions oBr RprddasiBle( kblid i
characterized by a nore pronounced yell ow col or, larger crystal size,
sl i ght sy |sewRosiiohs b ldréanidipin@ ByResEon®s| Thd al ARAh 1 and
o AR Sttofe B AnReshiN fiphed ddvel

a rreI]Einglpoi nt 5 (DSC peak) wthin the range o - nor e I
i fi PO : I . . F I
Zi’ﬁf'bi tod Tshor b %%3??2%??%??5@#’?% hbaBilofift fhich oot Rlethiorilbd
I § , ' A ' AUCo- t). and.
del ayed t BT fulitRAsREL ApRiehats b CRAR B o Hb b o B PRt Fighey

Pr evi ousl wn nef hods for producing crystalline |ercanidipine
hydr ochl o%?ﬁ‘gﬁlty andt aster drymgp rates con?parecf/ to other crude forms of lercanidipine

hydrochloride that have previously been reported. Crude Forms (A) and (B) further allow
10 sjmpliﬁed crystallization procedures to be used for production of novel isolated crystalline
forms of lercanidipine hydrochloride.

The novel isolated crystalline forms of lercanidipine hydrochloride of the present
invention can be obtained from lercanidipine hydrochloride crude Forms (A) and (B) and
are termed lercanidipine hydrochloride crystalline Form (I) and Form (II). Either of

15  isolated Form (I) or isolated Form (I) may be reproducibly obtained from the (A) and (B)
intefmediatés by varying the crystallization conditions as described below. Forms (I) and
(II) may also be obtained using other starting materials. Both of Forms (I) and (II) may be
obtained using, for example, crude lercanidipine Form (C) as starting material, as described
herein. Form (II) may also be obtained using Form (I) as starting material, as described

- 20  herein.

Both lercanidipine hydrochloride crystalline Forms (I). and (II) exhibit good
stability. Form (I) is characterized by a paler yellow color, smaller crystal size, higher

solubility in aqueous media (all compared to Form (II)), and a melting point (DSC peak)



were inconsistent in producing |ercanidipine hydrochloride with predictable
physical and chem cal characteristics. Hence, the previouslg kppgw, ﬂgt hods
69

: , s 0
had the ungdesifi@hlsg Property of producing |ercanidipine hyg{*j@gp@zorsl e t hat

.varied, e.g., 1n physico-chemcal properties, frombatch t ven
anong batches produced by the sane process and 15 under the sane
conditions. The present inventors have {§ scovered that the source of

i nconsi stency exhi bited by the previous known mnet hods of producing

| ercani di pine hydrochloride is the presence of varying and unpredictable
anounts of crystalline |ercanidipine hydrochloride Form (I1l1). In contrast
to previously known nethods of producing |ercanidipine hydrochloride, the

i nvent i onwiihiathel espetdfaiboay EI7°Cr tysbabt 1016CFRbFEspBifically, abeuf 198)7°0)ahd the
represent crystalline forns of |ercanidipine hydrochloride of a purity and

uni form-t talhed wth previously achieved solid forns
of |ercan¥ﬁ%%|afﬁgmﬁ§3%§8 et o, U ee D006 WD 03] 014084 PCT/ EPO2/ 08699
13 The purity ,and iformty .of Forns (1) and ).,allow for increased ease
in producti o‘rf%’fn ﬁ@rléé’h?r&f’ Fified E}‘)géﬁ‘é‘gf ?WC%XQII%Y celog, largap,erysts sigesel v
defined physico- chem cal characteristics, such as, for exanple, increased
uni f or mi tS}igbily fnsrariselubility v aqueons svidiag(alticomparedstoi Eonmal)), ansi @mebjngambint bl e
solubility. Forms (I) and (11) also provide 5 dosage forns with nore

preci Sel (DS€F peakyiwithi thecanige of elsdut 20BL LI Make bpeificallg abouttBooavei | abi lity,
conpared to previously achi eved dosage forns that varied from batch-to-

bat e | n el Ttk xai sl an B AR Kok 9P ol ARSI, T,
(113 “Forng A8 i w5, nor hRAER i ot B ol bemiie: s Pasiieon | n
pl asma, relative t rm (11 Hence, Form_ (1) is nore suited for inmmed ate
rel ease FBP??BF&‘E‘?%&SE 8%’@0%%@%&%@%%@@%@9&%%%#@@
showed aFt;ingrzfe).r bi oavailability, relative
10 Previously known methods for producing crystalline lercanidipine hydrochloride
were inconsistent in producing lercanidipine hydrochloride with predictable physical and
chemical characteristics. Hence, the previously known methods had the undesirable
property of producing lercanidipine hydrochloride that varied, e.g., in physico-chemical
properties, from batch to batch, even among batches produced by the same process and
15 under the same conditions. The present inventors have discovered that the source of
inconsistency exhibited by the previously known methods of producing lercanidipine
hydrochloride is the presence of varying and unpredictable amounts of crystalline -
lercanidipine hydrochloride Form (II). In contrast to previously known methods of
producing lercanidipine hydrochloride, the invention provides the novel crystalline Forms
20 (D and (II) that represent crystalline forms of lercanidipine hydrochloride of a purit& and

uniformity that has not been obtained with previously achieved solid forms of lercanidipine

hydrochloride.



to Form (1), and is thus suited for use in controlled rel ease fornul ati ons

and dosage forns. Accordingly, the availability of pure Forn@ (%%B ?@g (rn)
provides for the ability to blend the 15 two pol ynorphs into 65 e r ms
with novel ¥AOBIPBI characteristics, e.g., a dosage formpéi/brR2mkédea
rapi d onset and sustai ned biological action. As used herein, the term
"crude fornt refers to precipitated solid fornms conprising crystals of a
conpound .t hat have not been washed and/ of3recrystallized to renpve
impurities (including but not limted to solvent) that nay be present. In
t he present 20 specification, the crude forns are referred to as Forns (A)
and (B) of l|ercanidipine hydrochloride. . As used herein, the term

“crystalline forThe pedterand eni€drififyabs Féf‘mi@ éﬂ?ﬁﬁ;&gﬁ? ABR foﬁ’ﬁa‘é‘feagegf@%sﬁmhed

and recrystallized to renove inpurities. resent inventl o 2

FEB 2006 : : 6 4.termcrystalline fo -refers to
Forms (1) ?ﬁj&%%%g?é f%%gﬁgglﬂ%?%e?q%?ér g‘iehfoo Fr%e@%@?&lse{}'r @@aﬁ H8CH-or s
have an lecgfﬁwitﬁ > 99'1:15 %aﬁg?re*si dual solvents content of < 3000 ppm
As used her8TRica} RABTACIPLISHCS, SuCh: A% hIar noxample, rincregsed pnidoratity, of fparticdosizeund
to 5 crysta1 lize i.n two or nore forms with distinct structures. The
different dPNQWiBE micranigafionsand motsereproducibledolibility:t Fyrrhy (1) ayd (18) dlegprepids C
techniques or indirectly by assessnent of differences in physical and/or
cheni ca? pAegaeet famisasutici mored prédiselyp adéfimedr thanthabloghal Y eRdEdvberisthss, Us8S
herein,” a "subject in need of treatnent” is a manmalian (e.g., human) " "10

subj ect subioavaitability, memparedtto preKowdly Achi®learionske! f38mP Mak VaHL R GOl ion to

be treated, e.g., essential hypertension, secondary hypertension, 1s0l ated
systolic hygeh ireheir PiysicoCheRA ¥harl@aisticsli sease (e.g., chronic stable

angi na, nyocardial Tnfarction), congestive heart failure. A subject in
need of treatmepf of ffmal ts?lidyalm %R&r W grsei e r{)? sm%e lév% sntoif]c felecgmléislaiil;]eg wngcta hods

assessedafter administration of a single dose of either lercanidipine hydrochloride Form (I)

10 ~or (II), Form (I) had a shorter time in obtaining the maximum concentration in plasma,

felative to Form (I). Hence, Form (I) is more suited for immediate release formulations

and dosage forms. From the same study, Form (I) showed a higher bioavailability, relafive

to Form (I), and is thus suited for use in controlled release formulations and dosage forms.

Accordingly, the availability of pure Forms (I) and (IT) provides for the ability to blend the

15  two polymorphs into dosage forms with novel controlled characteristics, e.g., a dosage

. form with both a rapid onset and sustained biological action.

As used herein, the term “crude form” refers to precipitated solid forms comprising
crystals of a compound that have not been washed and/or recrystallized to remove
impurities (including but not limited to solvent) that may be present. In the present

20  specification, the crude forms are referred to as Forms (A) and (B) of lercanidipine
hydrochloride. |

As used herein, the term “crystalline form” refers to crystals of a compound that

have been washed and recrystallized to remove impurities. In the present invention, the



wel | known in the art such as, for exanple, by direct nmeasurenent of bl ood
pfessure using, 15 for exanple, a manual sphygnomanoneter, £ 6
automati c/ el ectroni c devices or anmbul atory bl ood pressure m)Qlizt ogq rg@ The
present i nveMPiodAI@ht enpl at es any nethod that may be used tpCpEPEMBEYt he
novel crude forns of |ercanidipine hydrochloride described herein. These
forms have different physico-chem cal properties, e.g., nelting points
(which can be determ ned by 20 DSC anal ys# s), than the crude form of

| er cani di pi ne hydrochl ori de produced by other known nethods, e.g., by the
met hod described in U S. Patent No. 5,912,351; termed Form (C). Form (A)
has a nelting point of about 150C to about 152C (DSC peak), Form (B) 0 2

FEB 2006 Onl5 mel tin i pt qQf ~about 131C

o about 1008 BEIHHE foriielid (e FOIRR 0 nd D & endiflnd BrdtopondroL thesgac

to about -192C ]ﬁilII;)SC peak). Additionally, thernogravinetric studies show

t hat For m ¢jtallioefermsclsave an HPRE pesityi9. ethand meidusit olwnats doatem 6Bk 3000

conprises 0.3-0.7 % residual ethyl acetate, by weight. Conparatively, the

resi dual vent 5 present in Form (C) has been determned to be 0-0.1%

Aspect s of le invention are directed to processes for the preparation of

~ lercani di pine h droe{%ﬁorj de, each resulting in a different crude form of
the product. THeS usgd hereiny thestern S'pplymermiism? nefersi totwe propertyl f faotomapmiuad to

identical and are; (a) reacting 2, _

6- di mefhy|arptatize ki ohoreyé formg vith tistimdtesteybiure, 4Thel @ifferent crystalline forms

di hydropyri di ne-3-carboxylic acid (prepared as described in rman patent
DE 2847 23 bewdatectedhidiveytly byl @ystalfopesphitx tdckthiqhéd 6f iflrelfly By ThesbdlhRnPbs an

aprotic dipolar solvent and of an aprotic polar solvent ¥o yle a

chl ori de cliffsrentes, ing iBal lafid/ot thehBAE 14 t 0 ri ained from

t he above step with ?,myél\l-%:lli nmet h{/l({hel\l-(&%@g?rg Sen%?%c(rf%{%)cgl‘?ﬂﬁga% n8? S’fﬁlf’“{)pyl
al cohol , &b perature preferably between -5 15 and +5C, in a mxture
of an aprotic pol ar sol vent and of an aprotic polar solvent.

As used herein, a “subject in need of treatment” is a mammalian (e.g., human)

10  subject suffering from or at risk of developing the particular condition to be treated, e.g.,

essential hypertension, secondary hypertension, isolated systolic hypertension , coronary

heart disease (e.g., chronic stable angina, myocardial infarction), congestive heart failure.

A subject in need of treatment for arterial hypertension may be identified using methods

well known in the art such as, for example, by direct measurement of blood pressure using,

15 for example, a manual sphygmomanometer, automatic/electronic devices or ambﬁlatory
blood pressure monitoring,

The present invention contemplates any method that may be used to produce the
novel crude forms of lercanidipine hydrochloride described herein. These forms have
different physico-chemical properties, e.g., melting points (which can be determined by

20 DSC analysis), than the crude form of lercanidipine hydrochloride produced by other

known methods, e.g., by the method desctibed in U.S. Patent No. 5,912,351; termed Form

(C). Form (A) has a melting point of about 150°C to about 152°C (DSC peak), Form (B)



In a preferred enbodi ment, the m xture of an aprotic dipolar solvent and of
an aprotic polar solvent is ethyl acetate and di nethyl formEideEBJSZFtﬂ at a
ratio of 4:1. After the in-situ reaction, the |ercanidipine hydrochloride

i s isol atedW@ld0r48overed fromthe m xture. The nmet hod of PeDEPG2I08IUSeEd
determ nes the crude formof |ercanidipine 20 hydrochloride obtained.

Fol l owi ng the protocol below (a protocol) yields Form (A): i) washing the
m xture of step (b), preferably with watlér, 0.2 FEB 2006 WO 03/014084

PCT/ EPO2/ 08699 16 ii) renoving water fromthe reaction m xture of step i),
preferably by azeotropic distillation under vacuum at 200-300 mHg at a

t enperature bel ow about 60C (preferably at 40-50C); iii) concentrating the
.m xture of,step_ i, ref er.abl oAbout 1 inityal VO at the’
same t enpel& %E%ellté‘%ﬁigﬁw Qgﬁgglytaiﬁi ﬁ tgt%’ “{ i?’gc mSFn%eaH’é’?ﬂ M{Tﬁas(*’e. g.,
ethyl acetate) preferably to obtain the initial volune, thus obtaining a .
.suspensi onmegltmg painjef about d84°Erio abaiy 1821 (DS G peakic Aaiditionally, dheiino graFinsdrice r
(U.S. Pharnmacopoei a 25, Method 921) preferably between 0.10 and 0.15% iv)
cool i ng t hgudies Blesve i that Porns (AP dohiplisdd $f-e8a9 YesidaPefh§l acetdte i Fdrhi €B) N9
the solid of step iv); vi) re-suspending the solid of step v) preferably in

cool 1 ng 1 o+ Se1BE 71 2 PACEEEAG et Poafiedfiy pérglieetii o\
7 \ . 3 ; ]
ot ab Z0ch o e R dLBRRR 0% o0 Uoed 10 prepare Form

i') washing the m xture of
step (b) prefergbly with water,.ii') renmoving the water . fromstep ')
preferably by a‘%é’&gtrsoﬁf dhe | ’?V?@Hnui-%enémﬁﬁéd = processes for the preparation” of

nﬂ

lercanidipine hydrochloride, each resulting in a different crude form of the product. The
first two steps in producing either crude form are identical and are:
(a reacting 2, 6-dimethyl-5-methoxybarbonyl-4-(3-m'trophenyl)-1,4-
10 = dihydropyridine-3-carboxylic acid (prepared as described in German patent DE 2847 237)
with thiony! chloride or oxalyl chloride in a mixture of an aprotic dipolar solvent and of an
aprotic polar solvent to yield a chloride compound, and
(b) in-situ reaction of the chloride obtained from the above step with 2, N-dimethyl-
N-(3,3-diphenylpropyl)-1-amino-2-propyl alcohol, at a temperature preferably between —5
15 and +5°C, in a mixture of an aprotic dipolar solvent and of an aprotic polar solvent.
In a preferred embodiment, the mixture of an aprotic dipolar solvent and of an
aprotic polar solvent is ethyl acetate and dimethylformamide used at a ratio of 4:1.
After the in-situ reaction, the lercanidipine hydrochloride is isolated and recovered -
from the mixture. The method of isolation used determines the crude form of lercanidipine
20 hydrochloride'obtained. Following the protocol below (a protocol) yields Form (A):

i) washing the mixture of step (b), preferably with water,



product. of step i') with a Dean Stark apparatus until a water content of
dbout 2% neasured 20 according to Karl Fi scher, is obtained; t&ééi
concentrating the m xture of stepii') to preferably 3 of th8? '[ﬁ

vol ume andWAd0a4p8sr esh sol vent (ethyl acetate) to the m xtparapdiedssy abl y
until (1) the. initial volume O 2 FEB 2006 WO 03/014084 PCT/ EP02/ 08699 17
is achieved and (2) a water content, neasured according to Karl Fischer,
between 0.9 and 1.1 %is obtained;, W. .1&€o00ling the solution of step iii')
preferably to 0-5C to obtain a solid; v') filtering the solid of step
iv'); 5 vi') re-suspending the solid of step v') preferably in ethyl
acetate and stirring at preferably 60-65C for about 1 hour; and vii')

rying. the cor T ontohmg: i) Bpi e Reditny piu: chiein bty 0

t erper at ure of steg AR shoul d be carefully controlled at 5-10C to
maxi m ze 10 yi efZ§OU9N ’111‘6‘{}@! uadergeacugmngt 40-300 sumilgiapiantsmppriture Hhelow de
present the advant age of gher solubility and faster drying rate conpared

to Form (C) andaheuke0°g (Qtafgablﬁnaééloﬂﬁ()?@)ﬁer crystallization process possible
(which can advant ageously be used to prepare Form (1) or Form(l1)).

q i . .
Conpar ed to t heiii}r udenteatrating detugeciuiyof step (’i)i? P&&a&&@&ou?@lﬁﬁ%ﬁ?

5,912,351, these forns permt use of Iess solvent tO recrystal

conpousd. This wigfe at ﬂﬁrsﬁfﬁ%%mééx‘ﬁhﬁie : grc\ RALGE Y i) 98 g éﬂi O;ﬁﬁgﬁ%oﬁgsﬂ rr%)}vent

Addi tionally, the nethods used to pro ese cru

adaptable to u in A settin .t has
been surpri si ng(lgggl"f?ﬁ.?% g‘fre%%?)ﬁ fﬁraﬁ]&t g‘P ”a{ fh}‘%@?ﬁa&ﬁ%@ Form
(A) and Form (B), when updergqi dlffer purlflcatlontreatrrents result
in two novel fbs eﬁﬁ”ﬁi“f“?‘e? é%a;%er QRignly ps ﬁ@tefnﬂﬁl?ﬁs aggording da eyl Siseher (U
hydrochl ori de. Studies indicate that thes

armacopoeia 25, Method 921) preferably between 0.10 and 0.15%;

iv)  cooling the suspension of step iii) preferably to 0-5°C ;
10 V) filtering the solid of step iv);
vi)  re-suspending the solid of step v) preferably in ethyl acetate and stirring
preferably at 60-65°C for about 1 hour; and
vii)  cooling to 5-10°C, filtering and drying the obtained solid (e.g., in an oven at
about 70°C).
15 The second process (B protocol; used to prepare Form (B)) is performed using the
folléwing steps:
i) washing the mixture of step (b) preferably with water,
i)  removing the water from step i’) preferably by azeotropically refluxing the
. product of step i’) with a Dean Stark apparatus until a water content of about 2%, measured
20  according to Karl Fischer, is obtained;
iii’)  concentrating the mixture of step ii’) to preferably % of the initial volume

and adding fresh solvent (ethyl acetate) to the mixture preferably until (1) the initial volume



novel crystalline fornms have different physical and chem cal properties.
DSC analysis of «crystalline Form (1) indicates that it hasC_Pa rebtipng peak
of about 197C to about 201 C, 0 2 FEB 2006 WO 03/014084 P /%POZ/ 08699 18
speci fi cal WO 6ue84198. 7C. DSC anal ysis of crystalline For RQIVEB02M8wdd cat es
‘that it has a nelting peak of about 207C to about 211 C, specifically
about 209.3 C. One purification process (y process), that leads to
formati on of one of the novel crystalllhe fornms (Form (1)) conprises the
following steps: 5 Process for Malint Form (1) d) adding isopropanol to
crude | ercani di pi ne hydrochloride (Form (A) or Form (B)) and heating under
reflux with stirring to produce a solution (if the solution is not clear,

it should,; : ] y o). Lt | O fres ferabl y
to ot erpd gt B {218 whier SiniEil) el Brbd ookl LR A TG boHeeBl BSPARY 2
pr ef er abl )iolltgft n 12 and 48 hours to produce a solid; and f) filtering
the solid'op? & MU ¥Fom step e), washing the solid wth isopropanol,
re-filtering the solid, and dryi ng% the soli d@ge. g.,_in an oven) at
preferably 70Ci¥dr -£opling the soluffonqtistep i o meefarably tod-HEen obimasalighr s. 15
Crude Form (C) may be al so be used as starting material in step d). In such
case, however ¥}t hefiétering thesolid efistepfivi)ecr eased yi el d of product because the
solution shoul'd be filtered hot, resulting in the increased | oss of

| ercanfdi pi ne" Ryjir ogdibwspéntiing the 3616 ofistep V1) prbREbILIN ethildeb@ie dndatidiy atS
‘consi dered conpl ete when the content of the solution is <2% | ercani dipine

HCI . Clhe@reqérgﬂ?(gbgga@foﬂbg& ProwsE@ as the solvent in step d).. An 20

alternatively preferred solvent i's a Cl-C5 al cohol containing a naxinm of
gf/oe\gaE g; ' ag- gég&ga{]g&ﬁ{ﬁl&qﬁ% ﬁﬁg&gﬁh ‘of ge}; SvE’?'p{'éergbl';% '?-1(0121 s %ﬁgﬁl?gean%daggggl :
the solid obtained, preferably in an oven at about 70°C.

The temperature of step vii’) _should be carefully controlled at 5-10°C to maximize

10 yield.

These novel crude forms of lercanidipine hydrochloride present the advantage of
higher solubility and faster drying rate compared to Form (C) and make a simplified further
crystallization process possible (which can advantageously be used to prepare Form (I) or
Form (II)). Compared to the crude form produced by the method of U.S. Patent No.

15 5,912,351, these forms permit use of less solvent to recrystallize the compound. This also
increases ﬁeld by reducing loss of compound. Additionaliy, the methods used to produce
these crude forms are more adaptable to use in a large scale setting and commercial setting,

It has been surprisingly found that each of crude lercanidipine hydrochloride Form
(A) and Form (B), when undergoing different purification treatments, result in two novel

20 and different crystalline forms of lercanidipine hydrochloride. Studies indicate that these

novel crystalline forms have different physical and chemical properties. DSC analysis of

crystalline Form (I) indicates that it has a melting peak of about 197°C to about 201°C,



pronote crystal formation. 0 2 FEB 2006 WO 03/014084 PCT/ EP02/ 08699 19

Al ternative Process for Making Form J The present applicati orrq ZalFEB 2006
contenpl ates an alternative nmethod of producing | ercanidipine
hydrochl ori W® 6384084 crystalline Form (1) which conprises tpersropessos d' )
addi ng ethanol to crude |ercanidipine hydrochloride, preferably at a 5
wei ght/vol unme ratio of |ercanidipine hydrochloride solvent of 1:4 to 1:6,
nost preferably 1:4, refluxing under sﬂﬁrring in order to obtain a
solution (if the solution is not clear it should preferably be filtered
hot), cooling under stirring, preferably to 20C, and adding crystalline
seeds of Form (1); e') cooling the seeded m xture of step d'), preferably

to a tenpespatificdlyodio 790 Ll t, this tenperature
for a per i@(i))d 1of ti rre‘ﬂfo??f Z‘?éa)lb%{/’S%g{i&\}gﬁg%oggﬂgtﬁgﬁwgﬁémﬂggﬁsm%at%}w”% a4 d;
and f) fil N n rying.the soljid of step .e'), it preferably in an
oven at @%ﬁ@ﬁeﬁﬁﬁcﬁ@@%ﬁ%mup éflc‘a‘nmm.ﬁpﬂb' ahout Zf&af%li de Form(l). In
step e'), crystallization is considered conplete when the content of the
sol ution is -1%nexwrificpiiempriicpssne process) tthad Héads .to Eoysdtivn! dfeheSsRMe WRfelFor M

(1) may al so be added to steps e') to further pronote crystal formation.

Process f erystdiikierfgmisoiForta (1)) cdiiprises @Rfllowinisiepgt | on process (S process),
which yields crystalline Form (I1), conprises the steps of. 20 d") adding

acetonftr iﬂrecds@fﬁmmnhgr&w' i pi ne hydrochloride (Form (A) or Form (B))
and heating the mxture under reflux and stirring, 0.2 FEB 2006 WO
03/ 014084 PCT/ §P02/ {ddPRopropanol to crude lercanidipine hydrochloride (Form (A) or Form
(B)) and heating under reflux with stirring to produce a solution (if the solution is hot clear,
it should be filtered hot);
e) cooling the solution of step d) preferably to a temperature between 30 and
10 4Q°C and stirring for a period of time preferably between 12 and 48 hours to produce a
solid; and
1} filtering the solid obtained from step e), washing the sblid with isopropanol,
re-filtering the solid, and drying the solid (e.g., in an oven) at preferably 70°C for a period
of time preferably between 12-48 hours.
15 Crude Form (C) may be also be used as starting material in step d). In such case,
however, there is the risk of decreased yield of product because the solution should be

filtered hot, resulting in the increased loss of lercanidipine hydrochloride iri step d). In step

e), crystallization is considered complete when the content of the solution is 2%

lercanidipine HCL. Other alcohols may also be used as the solvent in step d). An
20 alterhatively preferred solvent is a C;-Cs alcohol containing a maximum of 5% water, e.g.,
anhydrous ethanol. Crystalline Form (I) may be added in step (e) as seeds to further

promote crystal formation.



20 e") cooling of the m xture of step d") to roomtenperature and stirring
preferably for 24 hours to forma solid, f'.) _-filtering thﬁzf]?té%ﬁﬁ
obtained fromstep e').and drying it preferably in an oven. “I'n step e"),
crystal | i zatwows/stogionsi dered conpl ete when the content of thergalawkéodn 1S
5 <2% | ercani di pi ne HC1l. The present application also contenplates two

addi tional nethods for producing Form (Il). First Alternative Process for
Makin! Form (11) The first alternative md®hod conprises the steps of. 10
d"') adding isopropanol or ethanol, preferably ethanol, with a water
content preferably between 5 to 10% by wei ght to | ercani di pi ne

hydrochl oride, refluxing with stirring to produce a solution; e"') cooling

t-he m xt ur altednatitEPPRelHF Makisd R6AR ) Pet ween 20 and 40C and stirring
for a period pre Y Dbet 96 hours to forma solid; 15 f")

D
filtering the saki b e.d., in oven) at preferably 70C for
12-18 hours t O%Ip})l? g@ﬁ%gt %wlécgﬂ?[&iaﬂ)ﬁ%ngorﬁ%%@ql ¥t ialiemptéveninethod. of producing
a"'), crysﬁalli. ation.is considered conplete when the content of the
col Ution _ feecanidipipedrockion haying qrystaline Horm ) whichaompeisedthbisidps ot  Maki ng
Form 1l 20 The second alternative nmethod of obtaining the Form(I1)

pol ymor ph conpr B9es adding tafhanobfto crude Flecaditifiine VY SAHIGHYRS AprB¥erdbiE O/ 98699

21 d"")_dissol ving pru@e | er cani di pi ne hydrochloride or its crystalline
For m ( I%_ | weight/polotne catio b leranidiping hy@lochlofli® ebieént ot V4 1:6) hﬁ)stfn%Pérﬁ'bly
containing up to 50% by wei ght of

1:4, refluxing under stirring in order to obtain a solution (if the solution is not clear it

should preferably be filtered hot), cooling under stirring, preferably to 20°C, and adding
crystalline seeds of Form (I);
e’) cooling the seeded mixture of step d°), preferably to a temperature between
10 10 and 15°C, and stirring at this temperature for a period of time preferably between 24 and
96 hours to form a solid; and
) filtering and drying the solid of step .€’), it preferably in an oven at
preferably 70°C to obtain lercanidipine hydrochloride Form ®.

In step e°), crystallization is considered complete when the content of the solution is

15 2% lercanidipine hydrochloride. Crystalline seeds of Form (I) may also be added to steps

e’) to further promote crystal formation .
Process for Making Form (IT)
The second purification process (5 process), which yields crystalline Form l(]I),
comprises the steps of:
20 d”)  adding acetonitrile to crude lercanidipine hydrochloride (Form (A) or Form

(B)) and heating the mixture under reflux and stirring,



.water at a tenperature preferably between 20 and 70C to produce a
solution; e"") stirring the solution of step d"") at a tenperat o0
preferably between 20 and 5 25C to produce a solid; ffil terﬂ-ﬂg&gi@ gol id
of step a""woapdi@sying (e.g., in an oven) at preferably 79€rke62/08699
preferably 12-18 hours. The second alternative nethod may optionally
conprise the step of adding up to 60% water to the solution of step d"")
prior to step a""). The second alternati2ge nmethod 10 may further conprise
irradiating with ultrasound and/ or addi ng preferably authentic crystalline
seeds of Form (ll) to step e"'"'). In step a""), crystallization is

consi dered conplete when the content of the solution is <2% ercani di pi ne
HC . In a prefegied enpbodingnt, .the otic .polar solvent is an al cohol

sol vent such a< / but®f g|qf2§lpei}lﬂff3{e gfre‘}q‘i’ar‘?o) o e¥oqEh dempesatpre pugh Gtirring

i sopropanol .. In another preferred enbodi nent, the aprotic 15 dipol ar

sol vent i§r¢%¥mr39hewmm.asnhé, preferred process for preparing Form
(I') is the y process and the preferred process for preparing Form(Ill) is
the 6 process. fAppl ifitering theesolid dbtasredifroatisteielt) andidryifg it preferablRen an oven.
gquantitatively obtained by use of C-C5 anhydrous al cohol (preferably
anhydrous et hanstep er), SRRANRRAGNIS)coRGAdEd ESmBke RN tRORRérk biho WBtutiGn w0

wat er under controlled 20 conditions d -f)." In fact, the foregol ng

procesges, ecial.l) y and 8 processes can be used to produce the
desire péiﬁﬁg?ﬁwmu Eﬂﬁcibly and consistently. 0.2 FEB 2006 | WO

03/ 014084 22 PCT/ EP02/ 08699 In addition to differences in nelting point,
the two cryst allhb el BRIkl blso ShichBIALCAT aildifiofd mdthédiChH Hoducing |
solubility, and bioavailability.. Solubirlity studies show that orm (1) is
more sol ulphfyfippn Form (11) in water, -ethanol, and m xtures thereof (See
Tabl es

First Alternative Process for Making Form In

The first alternative method comprises the steps of:

10 - d™) adding isopropanol or ethanol, preferably ethanol, with a water content
preferably between 5 to 10% by Weight to lercanidipine hydrochloride, refluxing with
stirring to produce a solution;

€”)  cooling the mixture to a temperature preferably bétweenIZO and 40°C and
stirring for a period preferably between 24 and 96 hours to form a solid;

15 - ) filtering the solid and drying (é.g.,_ in an oven) at preferably 70°C for 12-18
hours to produce lercanidipine hydrochloride Form (II).

In step €”), crystallization is considered complete when the content of the solution
is < 2% lercanidipine HCI.

Second Alternative Method for Making Form I
20 The second alternative method of obtaining the Form (II) polymorph comprises the

steps of:



2 & 3). Bioavailability studies in dogs and humans indicate that Form (I1)
is nore 5 bioavailable than Form (I1). The study in humans aI§? £Eliaget es,
however, that Form (I) has a shorter tine to nmaxi mum concentiatlon

at t ai nabl e wad3sjos408hus suitable for use in inmediate rel eapeT/EPoigsét i ons
and dosage forms. Finally, x-ray diffraction studies show that these two
forms have different diffraction patterns (see Figures 11 and 12 and
Exanple 20). Form | has a smaller crysil and hence particle size before
m croni zation and so is 10 easier and faster to process than Formll,

whi ch presents with larger crystals. The present application further

di scl oses pharmaceutical fornulations and unit dosage forns that conprise

Cher oof of pr odotbr arRey v Pt Risdntin e RpRBLEAOL I BrBeyhe Fock (Ria <

directed t hod of tr.eatli a,subj ec ith 15, hypertension (e.d.
essent 1 al My PEEhE af eerolif el o retesbbn Containing B tas SEpawomeieht of
hypert ensi on%# coronary heart disease (e.g., chronic stable angina,

nyocar di atWatriiatadempsagturs prefombldaatvean zw%tmffétq prioducerfesaketionyd conpri si ng
adm nistering a therapeutically effective anmount of isolated |ercanidipine
hydrochl ori de @&™)st atitringghé-solutiqn 9f stéped thaf altepipemturs poieferablyobetwieen 20 and
crystalline Form (11), or conbinations thereof of predetermnm ned pol ynorph
20 conf en25f@pd protdddelaysolddst h ot her form of | ercanidi pine, such as anorphous
form to a subject in need of such treatnent. The invention also

contenpl ates a th ) 21 rurkﬁ] o) t {,ons
in arteries of ﬂ?sugjﬁgﬁg, H{eﬁﬁﬁlﬁer?ho 8or)rpea¥l|35| gga@%]’ﬁilhs eh%nng a%%reférﬁﬁ&

t her apeut i 286 WO 03/014084 PCT/ EPO2/ 08699 23 effective
amount of Wlﬁ?é) %lpgeé‘grﬁggﬁgﬁlltd U|t5l|mr'1e hydrochl oride crystalline Form(I),

i solated |ercahnidipine. hydrochlaride crystalline Form (I1), or .
combi nati ons t ?éi‘ﬁ%n{l étﬁ%‘?{iﬁ E’fﬁlqdﬂm%eé'@ ly comprise dhg sep of adding up to
Phar maceut bocal Corrptgsi tiqns .

60% water to the solution of step d™”) prior to step e™). The second alternative method

10 may further comprise irradiating with ultrasound and/or adding preferably authentic

crystalline seeds of Form (II) to step €™). In step e™’), crystallization is considered
complete when the content of the solution is <2% lercanidipine HC1. In a preferred

embodiment, the protic polar solvent is an alcohol solvent such as, but not limited to,
methanol, ethanol, n-propanol, isopropanol. In another preferred embodiment, the. aprotic

15 dipqlar solvent is N-methylpyrrolidone.
The preferred process for preparing Form (I) is the y process and the preferred
process for preparing Form (II) is the & process. Applicants have determined that Form (I)
can be quantitatively obtained by use of C;-Cs anhydrous alcohol (preferably anhydrous
ethanol or isopropanol) or C;-Cs alcohol containing up to 5% water under controlled
20 conditions d' -f). In fact, the foregoing processes, especially the y and & processes can be

used to produce the desired polymorph reproducibly and consistently.



5. The conpounds and pol ynorphs of the present invention may be J@Lgﬂdéat ed

into a pharnaceutical conposition. The pharnaceuti cal corrpd!s-?tl

accor di ng tgvéj?ﬁ Bgsgsent invention may conprise |ercanidi ppEfEpo208699

hydr ochl ori de |3, 9?II) or a mxture thereof. Wien said conpositlons

contain a mixture of said crystalline forns the weight ratio of form (1)

(11) is preferably conprised between 1: 22and 9:1 nore preferred enbodi nents

of said 10 pharmaceutical conpositions are those wherein said weight ratio

(r)y: (r1r) is selected from: 9:1, 7:3, 1:1, 3:7 and 1:9. The pharnmaceuti cal

conposition also may include optional additives, such as a

phar maceuti cal | i | & e | , V, : et.ener,
Ih 388i6BA YR SiffeRhbdsCin MelfH pﬁg&, e twd aci)};é?azl%neer &rﬁ%‘egé@ﬁ a

a preservative, a dye, a binder, a susperd agent,

col orant,  @;eratli S} LRi.ent ..a film.f.orn .agent .. a | ubricant,
a plastici glgfr‘e?dng%ﬂéﬁig %%nc}llcﬁﬂ%Séﬁlkgjtgnafdcbdﬂaﬁ'iaﬂﬁrﬂlﬁg’n-n%ﬁ&fl_ %\‘dl?ﬁpsft@“bﬂ’ai he
et hod knoboith (D frnbSredplublesnes i (fdn ek, @panoh i isiopsaereet (Sog Tobibs

nmet hod are E‘%ef erably D(50%2-8 m D(90% <15 pm Suitable pharnmaceutically
accept abl &2 &rPi e Bioaypilahilityesipdies A doghe andh bumans: imdicaté itlsit tRem @D isomore

ethanol ; water; glycerol; propylene glycol, aloe vera gel; allantoin;
gl ycerith:; bipgvaiiable th i The;studyrie hainans 4lso BRGatesyHowRVH, tHat PeaO(IRhes
magnesi um car bonat e; potassium phosphate; vegetable oil; animal oil; and

sol ket al . #.sRofEBLRO0® mMALINDAH CbACHHraf6 /2ERRABIOSHRO i R4 sflablBDI® BeNGer s
I ncl ude, but are not |limted to, starch; gelatin; natural sugars, such as

gl ucose, sinonelidte pelebsk dorinatations aid dSWRE FRAR! SFuéJi@'t, gfrr%l, dﬁfl‘gc&}ﬂ@mési sho@!®:
such as acacia, tragacanth, vegetablé gum an odi um al gi nat e;

ovi don. e 4o B8 hafl RURAHP UG oG [l e il e BRfBley o
not i m t eghy! Gorfi 1Mzl sefialflr crysfi Ond th%ﬂc%%ért?cﬁé YL before micronization and so is
10 easier and faster to process than Form II, which presents with larger crystals.

The present. application further discloses pharmaceutical formulations and unit
dosage forms that comprise one of the isolated polymorphs of the present inventioﬁ ora
mixture thereof of predetermined polymorph content.

The present invention is also directed to a method of treating a subject with

15 hy_pertensidn (e.g., essential hypertension, secondary hypertension or isolated systolic
hypertension), coronary heart disease (e.g., chronic stable angina, myocardial infarction) or
congestive heart failure the method comprising administering a therapeutically effective
amount of isolated lercanidipine hydrochloride crystalline Form (@, lercanidipine
hydrochloride crystalline Form (II), or combinations thereof of predetermined polymorph

20 content (op?:iona'lly with other form of lercanidipine, such as amorphous form) fo a sﬁbject
in need of such treatment,

The invention also contemplates a method of treating and preventing atherosclerotic

lesions in arteries of a subject, the method comprising administering a therapeutically



cel l ul ose, agar, bentonite, xanthan gum sodium starch glycol ate,

crosspovi done and the |ike. Suitable |ubricants include, bﬂg%ﬁfﬁzgﬁt
limted to, sodiumol eate, sodium stearate, sodium stearyl " “funmarate,
magnesi um sWOBQIW8+4 sodi um benzoat e, sodi um acet ate, sodi unpcit@redseyi de
and the like. A suitable suspending agent is, but is not limted to,
bentonite, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, mcrocrystalline celluRdse, al um num netahydroxi de,
agar-agar and tragacanth, or mxtures of two or nore of these substances,
and the like. 15 Suitable dispersing and suspendi ng agents include, but are
not limted to, synthetic and natural gums, such as vegetable gum

-t ragacant AGAL] b F-Tap ' r | cel ul o T
met hyl cel rbt}‘feose, 'a%g yv?i;l?/ﬁ% tlag‘f/(}' ?%Fﬁ%ﬁrgeaﬁg %@%’f"?ﬁ%ﬂ?‘%? %ﬁ‘r klll)’rﬁsf’%f% ng
agents inglude,. but e.not, limted to dr oxypropyl nmet hyl cel | u] ose, .
et hyl cel | JFS&EdinmS f&’a; cqfij-‘it%lﬁ’é%.&“b%( i £9 lftﬂt%ggﬁl@rééﬂ% 2iSHBIeCR,  but
are not limted to, polyethylene glycols of different nolecular weights
“(e.qg., 200wesdobsuchreaimentr opyl ene glycol . Suitable colorants include, but
are not limted to, ferric oxide(s), titaniumdioxide and natural and

synt het i c Plaikmecendical Cortpadtrivaes \\O 03/ 014084 PCT/ EP02/ 08699 25 Suitabl e
edible oils include, but are not limted to, cottonseed oil, sesane oil,

coconuf oi | andhpeampburiisland PSRRI ﬁfth@ﬂfihéﬂt%‘@ntiaﬁiﬂ:}atyiﬁé%nﬁtﬂﬁtb&'ﬁﬁo abut

are not limted to, sorbitol, talc, stearic acid, dicalcCium phosphate and

pol ydextr ﬁtnagéutfcapg&ﬁgo;sit?&f. nﬁwﬁ?ﬂagﬁ&%&ﬂ@a@ ohipoditiofi® FBRRdihg 85 tHP Yrelbnt

formul ated as unit dosa orns,

invention may comprise lercanidipine hydrochloride (I), (II) or a mixture thereof. When
said compositions contain a mixture of said crystalline forms the weight ratio of form () :
(D) is preferably comprised between 1:9 and 9:1 more preferred embodiments of said
10  pharmaceutical compositions are those wherein said weight ratio (I): (ID) is selected from :
9:1, 7:3, 1:1, 3:7 and 1:9. The pharmaceutical composition also may include optional
additives, such as a pharmaceutically acceptable carrier or diluent, a flavorant, a sweetener,
a preservative, a dye, a binder, a suspending agent, a dispersing agent, a colorant, a
disintegrant, an excipient, a film forming agent, a lubricant, a plasticizer, an edible oil or

15  any combination of two or more of the foregoing.
Both crystalline fofms can undergo micronization, using any method known in the
art: The average size of particle produced by.this method are preferably D(50%)2-8 um,

'D(90%)<15 pm.

Suitable pharmaceutically acceptable carriers or diluents include, but are not limited
20  to, ethanol; water; glycerol; propylene glycol, aloe vera gel; allantoin; glycerin; vitamin A
and E oils; mineral oil; PPG2 myristyl propionate; magnesium carbonate; potassium

phosphate; vegetable oil; animal oil; and solketal.



tablets, pills, capsules, caplets, boluses, powlers, granules, sterile
parenteral solutions, sterile parenteral suspensions, sterile g rﬁﬁteral
enul sions, elixirs, tinctures, nmetered 10 aerosol or quuidﬂébF @3, dr ops,
anmpoul es, ayboesi@es or devices or suppositories. Unit dosagpciepifosgdy be
used for oral, parenteral, intranasal, sublingual or rectal

adm nistration, or for admnistration by inhalation or insufflation,
transdernmal patches, and a |yophilized24onposition. In. general, any
delivery of active ingredients that results in systemic availability of
them can be used. Preferably the unit dosage formis an oral 15 dosage
form nost preferably a solid oral dosage form therefore the preferred

dosage forns e tablets,, pill capl ets.. C ul es.. Parenteral
o eparat L ons. ( Suablebidessindlde, e 68 ol 158 o, Y EBinLRISRL Siedhs. soder
jet systens) also are preferred. Solid unit dosage forns may be prepared by
ni xi ng anad@lnepseagsrse nd tlpetoss: cornsweetaressit pasiral\and, synthetio sumausuchads y
acceptabl e carrier and any other desired additives as 20 described above.
The m xt uneadis trpgacaath, yvegetable ugim,l amdheodigenedgisate; x¢arbaxynfethsheaiiubse; ve
agents of the present invention and the carrier and any ot her desired
addi t i ves hy@rokgpropamethiyl@llulosd) ipolyetHytend GlycoE podidbhe; waxed; ane tsdkeeven! y
t hr oughout the conposition. Inthis case, the conpositions can be forned
as drygsor nois - ] IER

5 Suﬁélﬁ@ Hléﬁﬁe &t%n?%@e,%%@@re%{ Hﬁﬁ@&@%@:&ﬁ%g.,ﬁ%{r sg%gﬁ%n& 1

Dosage forms with predetermned arounts of | ercanidipfn ori de may

be fornul S ti |t iti N n guantiti.es of
er cani df SRaoss ok kP, AaGRER i, T tistn SRS, O he e ind, e
preferred enbodi nent a dosage formis obtained by m xing conpositions
conpri si ng“known quantities of crystalline |ercanidipine 5 hydrochloride,
e.g., Form(I) or b&l ), optional Ig i ncludi ng non-crystalline | ercanidipine
hydr ochl or i de. Spitgbl bibriggnts incluslg, buf axp @t limited sagodivor plegtet Bodivmditaatatesi ned
anounts of <crystalline |ercanidipine hydrochloride is fornulated by m xi ng
conposi t i sodiwmctgarylsfumgrate sszgvesianl steqratee sodiymt benkoats dodivmanacetate] sedium
hydr ochl oride are m xed to form dosage forns

10  chloride and the like. . : :

A suitable suspending agent is, but is not limited to, bentonite, ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, agar-agar and tragacanth, or mixtures of two or more of these
substances, and the like.

15 Suitable dispersing and suspending égents include, but are not limited to, synthetic
and'natural gums, such as vegetable gum, tragacanth, acacia, alginate, dextran, sodium
carboxymethylcellulose, methylcellulose, polyvinyl-pyrrolidone and gelatin,

Suitable | film forming agents include, but are not limited to,
hydroxypropylmethylcellulose, ethylcellulose and polymethacrylates.

20 -~ Suitable plasticizers include, but are not limited to, polyethylene glycols 6f different
molecular weights (e.g., 200-8000 Da) and propylene glycol.

Suitable colorants-include, but are not limited to, ferric oxide(s), titanium dioxide

and natural and synthetic lakes.



conprising a predetermned ratio of crystalline Fornms (1) and (I1). 10
Tabl ets or pills can be coated or otherw se conpounded to forma unit
dosage form which has del ayed and/or prolonged action, sucly aFEB 7006

rel ease and ‘gg ﬁ'_‘n@d rel ease unit dosage fornms. For exanple, the tabl et
or pill can % %% an inner dosage and an outer dosage c@GEEREI869Y he

| atter being in the formof a |ayer or envel ope over the forner. The two
conponents can be separated by an enteriggl ayer which serves to resist
disintegration in 15 the stomach and permts the inner conponent to pass
intact into the duodenumor to be delayed in rel ease. Biodegradable
polymers for controlling the rel ease of the active agents, include, but
are not limted 0, polylactic, acid, polyepsilon caprol actone, pol yhydroxy
Butyric acid, itghlet tQilssinclyde, bt carenst Lipaiteyddioh cdttansped ai)s sesame oil,
pol ycyanoacryl ates and cross-linked or 20 anphi pathic bl ock copol yners of
hydr ogel s. oeepnut o andiperswtioib f or s, .t he, active substances or their
physi ol ogi cal ly acceptable salts are brought into solution, suspension or
ermul si on, opti oExhinplesi dfhaddittondb daditives RIBRIEYBEE $bSSt ARGHR oﬁgﬁﬁéﬁ@" taler o

solubilizers, emulsifiers or other auxiliaries. Solvents

2096 WO 03fcaddadd, di’&éIéiExB%bsiﬁﬁ%%na?olgﬁé,;&/o% conmbi nations and the
abl e sa

correspondi ng physi ol ogically accep ?ts, can include water, _
physi ol ggi cal salt solutions or al cohols, e.g. ethanol, propane-diol or
gl ycerol. Additionally, sugar solutions such as glucose or mannitol

sol uti ons f.d A mxture of the various solvents nentioned may
further be%teﬁo’?sfgg ﬁ'émf)resent' invention. 5 A transdernal dosage form al so

is contenpl ated B%/ he gre,s nt invention. Transdermal fornms may be a
di f fusi on-dri veh P@*HE’& Sutical copposition mayhediermralnted s aimjt dosdgeformes, shadr asa

fluid reseryoir or a drug-in-adhesive matrix system Oher transdernal
dosage f of2RiStS mills, sapsulgs; capletsnbeluses,ipowders,ogratuips, cstérile Pagentdralt $chitfons,
oi ntments, transnucosal systens and devices, and iontohoretic (electrical
di f f usi on) steréle | Rasengeral, stspensiTnsy rasetide matentk?ala@mulsions, elixirs, tinctures, metered
101 aerosol or liquid sprays, drops, ampoules, autoinjector devices or suppositories., Unit
dosage forms may be used for oral, parenteral, intranasal, sublingual or rectal
administration, or for administration by inhalation or insufflation, transdermal patches, and
a lyophilized composition.- In..'general, any delivery of active ingredients that results in
systemic availability of them can be used. Preferably the unit dosage form is an oral
15  dosage form, most preferably a solid oral dosage form, therefore the preferred dosage forms
are tablets, pills, caplets and capsules. Parenteral preparations (e.g., injectable preparations.
and preparations for powder jet systems) also are preferred.
Solid unit dosage forms may be prepared by mixing an active agent of the present
invention with a pharmaceutically acceptable carrier and any other desired additives as
20  described above. The mixture is typically mixed until a homogeneous mixture of the active
~ agents of the present invention and the carrier and any other desired additives is formed,

i.e., until the active agent is dispersed evenly throughout the composition. In this case, the

compositions can be formed as dry or moist granules.



10 forms may be used for tined rel ease and sustained rel ease of the active
agents of the present invention. Pharmaceutical conpositiaons ggd%ngﬁw
dosage forns of the present invention for adm nistration r@a?g ly, and

in particul g ‘injection, typically include a pharmaceutically
accept abl e @é‘?w‘&#‘,’ tas described above. A preferred liquid BQT/rEPMOSr%? 15

vegetable oil. Injection may be, for exanple, intravenous, intrathecal,
i ntramuscul ar, intraruuninal, intratracheal, or subcutaneous. The act i ve
agent al so can be administered in the f of |iposonme delivery systens,

such as small wunilanellar vesicles, |arge unilanellar vesicles and

mul tilamellar vesicles. Liposones can be forned -froma vari ety of
phosphol i pids, such . as cholesterol, 20 stearylam ne or

phosphat i dyl choDom fofﬁhsewﬁh@kgdmrmh&dcﬁmwh@ dinesaiiliipiievieffkdAlbridle SRy By be
coupled with soluble polymers as targetable drug carriers. Such polymers

i nct ude, "be&rmalated Wirtihg With@Empesit IQQbWhibwn itsy A¥in r
pol yhydr oxypr opyl nmet hagcryl ampde;l)%eno c@% 2882%% 03/ Oﬁyﬁg%ﬁlﬁd’éﬁ

PCT/ EPO2/ 0§ I

pol yet hyl - eﬁlg%%%@gg% glm}d;s%glghgis&tq{wﬁg f@m&ﬂ'ﬁ%{}t%ﬁﬁagcefg{na%%btamed
bresent 1 nobrirare Ry PSR SRR IERO5, wbeRRY off) ronbes derstigmings
i ntrav oug cﬁ{l rache |, bcu% neous oral, nucosal parenteral, buccal
subl | n%aﬂ hydspy ?@tﬁmet,g 2ty (IDy opfienally oinginding; noperystaliine lergaridipine -
I ntramuscul ar. Unit dosage forns aI so can be adm nistered in intranasal
formvia tysiredjoridee Fyrthenprefested i5 therea dosage ddrine it predeterinnetdraumnauitsrofal

routes, using those forns of transdermal skin patches. known to those of
ordi nary -@Kkstalling ler¢aniglipine hy@oehlorid® isfiminniateidrigt infiting Sompbesigsrsesbmprising

—+

essentially pure crystalline lercanidipine hydrochloride are mixed to form dosage forms -
comprising a predetermined ratio of cfystalline Forms (I) and (II).

10 Tablets or pills can be coated or otherwise compounded to form a unit dosage form
which has delayed and/or prolonged action, such as time release and sustained release unit
dosage forms. Fbr example, the tablet or pill can comprise an inner dosage and an outer
dosage component, the latter being in the form of a layer or envelope over the former. The
two components can be sepgrated by an enteric layer which serves to resist disintegration in

15  the stomach and permits the inner component to pass intact into the duodenum or to be
deléyed in release.

Biodegradable polymers for controlling the release of the active agents, include, but
are not limited to, polylactic acid, polyepsilon caprolactone, -polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydro-pyrans, polycyanoacrylates and cross-linked or

- 20 amphipathic block copolymers of hydrogels. |

For liquid dosage forms, the active substances or their physiologically acceptable

salts are brought into solution, suspension or emulsion, optionally with the usually

employed substances such as solubilizers, emulsifiers or other auxiliaries. Solvents for the



The pharnmaceutical conposition or unit dosage fornms of the present

I nvention may be adm nistered to an animal, preferably a human being, in
-need of antihypertensive treatnent. The pharmaceuti cal conggsi:\m QW6or
unit dosage formof the present invention nmay be adm nister according to
a dosage anyémlﬁ?t‘s‘tration regi nen defined by routine 15 t BETERGR/8A9Y i ght
of the guidelines given above in order to obtain optinml antihypertensive
activity and a decreased in bl ood press% while mnimzing toxicity or
side-effects for a particular patient. wever, such fine turning of the
t herapeutic reginmen is routine in light of the guidelines given herein.
The dosage of the conposition containing polynorphs or mxtures of the
present 20 'invention may vary according to a variety of factors such as
under | yi ngadivsecubisatitne and hike corredporidingphysislogidally adteptutle Ghks, cafindidk age
and the node of administration. For oral admnistration, the

phar maceut iwark, physsIogitaloNY SARICAS d¥ AviIes d A 0 .
unscored solid gnit d%lsage fornms. . WO 03/O14%8%1%&’0{){2&%&882%Bg%l}%eml'

PCT/ EPO2/ O ' Ik i ISyl 1) | i di, pi
nyar ochi or aa s R RIRes Saun, S8 TRARRS of CnRRERI aRbREs iy IELERE, o7 e

| | I L di pi h l.or.i d istal | i F
()" sol ot B YA SelVonse s iRt B R Bt Bedmbrombrsbiciption,
mbi [ h f of d ' I h ition; 5 and (2
[ cast ohe. componelEasdBirall ress dAFE UG ob, (PHGGRRIFSE, b (e Tresent mvention.

pharmaceutjcal ]y acceptable carrier or diluent, a flavorant, a sweetener,
a pr eser vatjap¥iergalfouns may,be g diffusign-dsiyep tranydamal gustem (marddermal witel) wipgnt , a
colorant, a disintegrant, an oxcipient, a lubricant, a plasticizer, and an -
edi bl e oi |¢ithehadflyid geservoimdoroaridong-msdhesivé naprivasysenutOheal trademas idokape . OF
dosage formO. 1 -to 400 rag | ercanidipine hydrochloride. Preferably, the
10 conposifbimnincldddange fob limited R rtopied ghls) BtidR8 oirtments,afGRALHsI H8tems
hydrochl ori de. More

and devices, and iontohoretic (electrical diffusion) delivery system. Transdermal dosage

fuy

10 forms may be used for timed release and sustained release of the active agents of the
present invention.

Pharmaceutical compositions and unit dosage forms of the present invention for
administration parenterally, and in particular by injection; typically include a
pharmaceutically acceptable carrier, as described above. A preferred liquid carrier is

15 vegetable oil. Injection may be, for example, intravenous, intrathecal, intramuscular,
intrérmninél, intratracheal, or subcutaneous. |

The active agent also can be administered in the form of liposome delivery systems,
such as small unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles,

. Liposomes can be formed: from a variety of phospholipids, such. as cholesterol,

20  stearylamine or phosphatidylcholines.
The polymorphs of the present invention also may be coupled with soluble
‘polymers as targetable drug carriers. Such polymers include, but are not limited to,

polyvinyl-pyrrolidone, pyran copolymer, polyhydroxypropylmethacryl-amidephenol,



.preferably, the conposition or dosage formconprises 5 to 40 ng
| ercani di pi ne hydrochl oride. The pharmaceutical conposition or unit dosage

formmay be administered in a singl e daily dose, or the tojalrmabioy
dosage may he adm nistered in divided doses. In 15 addition,

co- adni ni st '¥POYAH sequential administration of other actiPEA/ER§IR6ES nay
be* desirabl e. The pol ynorphs and ni xtures thereof of the'invention may be
conmbined with any known drug therapy, pteferably for treatnent of
hypertensi on. For exanple, binodal- ther&py involving in addition a
diuretic, a P-receptor blocker, an ACE inhibitor or an angiotensin ||
receptor antagonist is contenplatcd by the present invention (see,
e.g-,U S. 20 Provisional Application No. 60/344,60 1, filed QOctober 23,
2001 and | tplyhydroApettiytapartamnitiephendl] azd pdlydthPOehtdidbopobilysid abRfitufd, w0
1). For conbination therapy the conpounds may initially %e provi ded as
separate GREAES] fRIdEs. until an optinum dosage conbi nation and

adm nistration reginen is 0.2 FEB 2006 WD 03/014084 PCT/ EP02/ 08699 30

achieved. T the patient may be titrated to the appropriate dosages
for his/ herj}ﬁ%girs?%ﬁﬁtf'ar hypertensi ve condition. After the appropriate
dosage of each the compounds is. deternm.ned to achieve a decrease of the
bl ood pressure The PF%&%G%%R"&‘%@P&&“@F flatage ?orfr}'?é’ the pressnt IMVERAPNIAYY be
swi t che t% a si.ngl e dosage form containing the appropriate dosages of 5
each of °t he® ered it & VagetynelyToutonspehas inttavenpugy intratrachsgle sahsutanequse
exact dosage and admi nistration reginmen utilizing the conbination therapy
of the pr@®@smnmycasadnpirenteial, durcabt eublingualc caphttmhnie, wulinosaryariaesruaisal,
factors including type, species, age, weight, sex and nedical condition of

t he pati entranddesna care intrymasedlaet ilditodpgagef forh$ alsb e be admimdiere@ ibmtiangal ed;
the route of admnistration; the renal and hepatic function of 10 the

patient; tHent viaadpiedush of hiitapletinhmalpRhichid! or HaAdrdnb®rnEERARE WL EDsOf

the patient. Optimal precision in achieving concentrations of compounds

Wi thin the AR kdidlientla€lséh patches known to those of ordinary .skill in the art. Oral
10 a_dministration is preferred.

The pharmaceutical composition or unit dosage forms of the present invention may
be administered to an animal, preferably a human being, in need of antihypertensive
treatment. The pharmaceutical composition or unit dosage form of the present invention
may be administered accorc_ling to a dosage and administration regimen defined by routine

15  testing in light of the guidelines given above in order to obtain optimal antihypertensive
actiﬁty and a decreased in blood pressure while minimizing toxicity or side-effects for a
particular patient. However, such fine turning of the therapeutic regimen is routine in light
of the guidelines givén herein.

The dosage of the composition containing polymorphs or mixtures of the present

20 invention may vary according to a variety of factors such as underlying disease staté, the
individual’s condition, weight, sex and age and the mode of administration. For oral

administration, the pharmaceutical compositions can be provided in the form of scored or

unscored solid unit dosage forms.



efficacy without toxicity requires a regi nen based on the kinetics of the
drug's availability to target sites. This involves a considjgiﬂ:.[d %a of the
absorption, distribution, nmetabolism excretion of a drug,?" 6
responsi ven®¥x034f40Bt1e patient to the dosage regi men. HowePEFEPRBEYch fi ne
tuning of the therapeutic reginmen is routine in light of the guidelines
given herein. A pharnaceuti cal corrposizbi on for parenteral adm nistration
contains not below 0.1% preferably from about 0.5%to about 30% by

wei ght of a pol ynorph or m xture of the present invention, based upon the
total weight of the pharmaceutical conposition. |Individual isolated

pol ynorphs are. preferred for parenteral adm nistration. . 20 Generally,
transder mal doségeharcaicalospenopitipr samanvng (10 lereanidiping hydrochlodds; wherenei ght
of the active agents, based upon 100%total weight of the dosage. In a
preferred ¢hebdutanistipine fhyttechlpridss dnt selasted nfromn fhet igeoupo npmsisting cof isslated

adm nistered daily to the patient. Preferably in said enbodi nent, the

phar maceut lecenidimng hydbehboridea sryStaline FRrR0(, isv¥ared3letthdidiindP EFdrbRIMNB699 31
dosage formcontaining fromO0.1 to 400 ng | ercanidi pi ne hydrochl ori de. Mre
pr ef er abl yerysthlliae Fomp (&), ot oombihatitas aitedfUTPraRRhinsE ?ol%'nfoﬁ)h%ﬁﬁiﬁon;

| er cani di pi ne hydrochl oride. Even. nore preferably, the conposition or

dosage $ or and-(2yat leagtnb corapehent@ldetsd fevhn deDirbsh conBikpOsi PhirfiRceuficdBAMPLES
The foll ow ng exanpl es of preparation of |ercanidipine hydrochloridé crude

Forms (A) adeeptitd) caier 6rf dikiedd, ki Mrofaar, WPsweelendt) 8 prdsbovathfel ati/ éjbﬁﬁbpi‘éd for

illustrative non-limting purposes, together with the results of DS

anal ysi s afipsnainglignt! ¥ dispdréihy bidny, 206lorad) a QS ERPICIAIpidnESLS; the
bi oavailability tests for the new crystal [ine forns are 2 so discl osed.
EXAMPLE 1 hiBtiédngla f4s8PBérdindOsh edible oil. In a preferred embodiment, the pharmaceutical
composition or dosage form 0.1 to 400 mg lercanidipine hydrochloride. Preférably, the
10 compoéition or dosage form comprises 1 to 200. mg lercanidipine hydrdchloﬁde. More
- preferably, the composition or dosage form comprises 5 to 40 mg lercanidipine
hydrochloride,
The pharmaceutical composition or unit dosage form may be administered in a
singie daily dose, or the total daily dosage may be administered in divided doses. In
15  addition, co-admi;ﬁstration or sequential administration of other active agents may be
desirable. The polymorphs and mixtures thereof of the invention may be combined with
eny known drug therapy, preferably for treatment of hypertension, For example, bimodal
therapy involving in addition a diuretic, a B-receptor blocker, an ACE inhibitor or an
angiotensin II receptor antagonist is contemplated by the preserit invention (see, e.g.,U.S.
20  Provisional Application No. 60/344,601, filed October 23, 2061 and Italian. Application No,
MI 2001 A 002136 filed October 16, 2001).

For combination therapy the compounds may initially be provided as separate

dosage forms until an optimum dosage combination and administration regimen is



Thionyl chloride (36 g) diluted in ethyl acetate (25 g) was slowy added to
a 15 solution of

2, 6-di et hyl - 5- met hoxycar bonyl - 4- (3-ni t rophenyl ) -1, 4-di hydroqy_gipcﬁmmﬁs-
carboxylic acid (90 g in dinmethylformam de (115 g) and ethyl acetate (396
g), keepi ngWQ &¥3de84t ure between -1 and +1C. A sol ution of PCT/EP02/08699

N-di met hyl - N- (3, 3-di phenyl propyl )-1- am no-2-propanol (84 g) in ethyl
acetate (72 g) was slowy added to the mj xture thus obtained. The whole
was kept under stirring at the sane tem?@rature for 3 hours. The 20 m xture
was then heated to 20-25C and kept under stirring for 12 hours. Water (340
m) was then added,. the whole was stirred for 30 mn and after settling

t he aqueous phase was discarded. The organi c phase was washed again wth
wat er (340aeHigved0 Phdréddre) GRE palitht BdiyOBst Bdte T/ tiPABHIOPARO (B8ageAdPhik/her
Crude | ercani di pi ne hydrochl oride Form (A) The organi c phase obtained from
Exanple 1 Ryperehsied Az T bood | ' Hpoaiys at
about 250 mﬁl%thout goiéjd;llgh%gove aﬁ%@gﬁﬁg&%g@ ggéécﬂ%iﬁee(}/ rem)vsl ng
about 50 I o) ' ted ut .1/ 3,0f the 5
initial vg}%ﬁe%{e? 2 aéslgﬁe@sac%e#%éf%roof‘r@é%@g@é%gééfrrgt"ﬁf‘"é&ta ol %‘i?@ﬁ Fgg‘% % hen
brought to_jits, .initial volu with fresh ethyl acetate until the K F.

val ue (Kar Patientinep n}i‘é(ﬁl?é)” 1%aéhet351§mgle gos?ee W&gﬂﬁg [FRPropridts dpsagehofias
cool ed éo 0-5C. The solid was filtered, - suspended in ethyl acetate (350
g) and 3t i FacBaf the aghvesagentsyer mayeantinueryyith gidypldasees fomdi ed to 5- 10C and
then filtered. The solid was dried in an oven at 70C. 133 g of dry raw

| er cani di pi ne T ¢nagt desago andladrmipishratioy) regimern btikiding the(cosHinatioh dherag3Ser peak
150- 152C.. EXAMPLE 3 Crude | ercani di pi ne hydrochl ori de Form (B) The organic
phase obt athaguesant inventéomdisadeleEtedriplaecdrdaie widatedristydef facwbd includiy tyEE,C)
and the water contained in the solution was renoved with a Dean Star

appar at us spbies, Sgaaveéipht, R @iddaeditd contiifion HOMNE paliérd] the sevbity atl &idlogy/dd Ue

of about 2% was obtained. The whole was then disti I'1ed at at nobspheric
pressure .o hysaehsidh fo B trédidd; il roR!o# ABminlf#ition; the renal and hepatic function of

(@ = a}]

10 the patient; the treatment history of the patient; and the responsiveness of the patient.
Optimal precision in achieving concentrations of compounds within the range that yields
efficacy without toxicity requires a regimen based on the kinetics of the drug’s availability
to target sites. This involves a consideration of the absorption, distribution, metabolism,
excretion of a drug, and responsiveness of the patient to the dosage regimen. However,

15  such fine tuning of the therapeutic regimen is routine in light of the guidelines given herein.

A pharmaceutical composition for parenteral administration contains not below
- 0.1%, preferably from about 0.5% to about 30%, by weight of a polymorph or mixture of
the present invention, based upon the total weight of the pharmaceutical composition.
Individual isolated polymorphs are preferred for parenteral administration.
20 Generally, transdermal dosage forms contain from about 0.01% to aboﬁt 100% by
weight of the active agents, based upon 100% total weight of the dosage.
Ina preferred embodiment of the present invention, the composition is administered

daily to the patient. Preferably in said embodiment, the pharmaceutical composition has



solution was brought to its initial volume by adding fresh ethyl acetate.
The K. F. value at the end of this operation was 0.9-1.1% The fi nal
solution was cooled to 0-5C. A solid slowy precipitates whi Cg&gﬁsﬂﬁ _
filtered. The. solid thus obtained was suspended in ethyl 20 o a%& (350
g) and stirMYO4PEE- 65C for 1 hour. The whol e was cool ed t BCHERGE®8699hen
filtered and dried in an oven at 70C, thus obtaining 133 g of crude
| er cani di pi ne hydrochl ori de Form (B), C peak 131-135C, 75%yvyield. 0 2
FEB 2006 WO 03/014084 PCT/ EP02/ 08699 33 EXAMPLE 3A Crude | ercani di pi ne
hydr ochl ori de Form (B) The organi c phase obtained at. the end of Exanple 1
was heated under reflux (70- 75C) and the water contained in the solution
was renoveq with a Dean Stark apparatus until a K F. value of about 2% was
obt ai ned. g opiinipg fAmA0. & o #PGmedercanidipinethydiashbride.c Mare prefavablgach 3
of initial volunme. The solution was brought to its initial volune by
addi ng f r eths cemipgsitionex dasege foma dkmiprisasal 10e208tm bercamidipivié hiyBioshlones, atiean WWas
0.9-1.1% The final solution was cooled to 20C, seeded with 0.1% of crude
| er cani di pmoee hretbrabiil thei cbenpokitio drBlosasy f&ERO LA - i y
- precipitated and vvasht hen fipiter ed. Thggfo(ft?fd) t%@ﬁ?@g%g%@&é@ %gnded
in ethyl sdhoridd50 g) and stirred at 60-65C for 1 hour. The 10 whol e was
cooled at 5-10C, then filtered and dried in an oven at 70C for 24 hours,
thus gptaining 133 g of crude |ercanidipine hydrochloride Form (B), DSC
peak 131-135C, 75% vyield. EXAMPLE 4 Preparation of |ercanidipine
hydr ochl orMal line Form (1) 15 In separate representative
experi ment=s; of crude | ercanidipine hydrochloride Form (A), (B), or
(O was loaded _into a reactor, followed by 400 nl of 2-propanol. The
m xture was headttEdoURVHBE eXamplas of BrEPARtomef lgrearidiping hydrechloridewsudetioasi ng
an al nost  conpl ete dissolution of the crude substance. The m xture was hot
filtered té4) em?fﬁ)rmd erystallinei Romms ¢ ahd Deme powdisclosed for éiustrativelondtinikiapt
under. stirring was cooled to 40C

purposes, together with the results of DSC analysis and solubility, stability and

10 _ hygroscopicity tests; the bioavailability tests for the new crystalline forms are also

diéclosed.

EXAMPLE 1 Initial preparation
Thiony! chloride (36 g) diluted in ethyl acetate (25 g) was slowly added to a
15 solution of 2,6—dimethyl-5-methoxycarbony1—4-(3-nitrophenyl)—1,4—dihydropyridine-3-
carbbxylic acid (90 g in dimethylformamide (115 g) and ethyl acetate (396 g), keeping
temperature between -1 and +1°C. A solution of 2, N-dimethyl-N-(3,3-diphenylpropyl)-1-
amino-2-propanol (84 g) in ethyl acetate (72 g) was slowly added to the mixture thus
obtained. The whole was kept under stirring at the same temperature for 3 hours. The
20 mixture was then heated to 20-25°C and kept under stirring for 12 hours, Water (340 ml)
was then added, the whole was stirred for 30 min and after settling the aqueous phase was

discarded. The organic phase was washed again with water (340 ml).



20 Tenperature was then set at 35C. The whol e was kept for 24 hours under
stirring at 35C, then tenperature was set at 30C, and stirring was
continued at said tenperature for another 24 hours. The sol P%Bp@g sdel t er ed
at 30C and washed with 50 m of 2-propanol, then dried 0.2 2006 WO
03/ 014084 P¥Q 83433988699 34 in an oven at 70C under vacuum PEF/EDR/§6%r s,
Wei ght of dry product in each case was (Il ercanidipine HCL(1)) 90 g (HPLC
purity of the product in Form (1) > 99.5% . EXAMPLE 4A Preparation of

| er cani di pi ne hydrochl oride crystalline rm(1l) 5 In separate
representative experinents, 100 g of crude |ercanidi pi ne hydrochl oride
Form (A), (B), or (C) was |loaded into a reactor, followed by 400 m of
2-propanol. The m xture was heated under strong reflux and under stirring,
t hus obt ai EX4VERLER Graide larcanidiphee kiydrschloiideFoah (Aje crude substance. The
m xture was hot. filtered to elimnate a slight opal escence and. the clear

sol ution kept urTWerorgric ph@ itaiib®Hom TRAkBE § OwhOe 641 81 4G e
then triggered with %00 r% of | ercani di pi ne"hydroch orrli]sgb eﬁﬁgég(%Bgﬁgc

was kopt O UBGE el valaiyn of @5 280 WDt plifE Fhorkn Ghippidge O B

30C, keepi SEifr] .at . said . tenperature for anqQther 24 hours. The
solid was ;&ﬁer'g%gév@é aé%n%nraf %?ﬁ%& %Ftsﬁ})‘%@n Yas @Pceﬂtﬁwgﬁaﬁbf"}t VR the i ed
in an oyven,at .70C under, vacuum for 24 hours. Weight of dry 15 product

(1 ercarm di Pri ‘Mgm 11 the same gopditipns of tswppltay%ﬁnc? n@sq@m)m%then froughttq ity >
99.5% . EXAVPLE 5 Preparation of |ercanidipine -hydrochloride crystalline
Form (1) | Hitid yebaveiwith frsh sthvhesatate untibthedK.&f velne (iarl Eishemialig)iwas about
hydrochl ori de, Form (A) or (B), and then 100 1 of 95% et hanol were | oaded
and br ough®©.100.k5%.0Fhg finel buspensimtewas @dlat for 0-59Q) . TH soliowas ﬁlﬁeb}ed}/fsagfeﬁ@écﬁd
under stirring at 20C and then seeded with crystalline Form (I). The whol e

was then cinodtied atetate (BE0Tp)eimd!istifred RG0S T 1HP 1 2B6r. e wiBERald eoémﬁol .86l i on

m xture under stirring for 4 days. The solid thus obtained was tered and
washed and then filtered. The solid was dried in an oven at 70°C. 133 g of dry raw lercanidipine

10 hydrochloride Form (A) was obtained (75% yield), DSC peak 150-152°C.

EXAMPLE 3 Crude lercanidipine hydrochloride Form (B)
The organic phése obtained at the end of Example 1 was heated under reflux (70-
75°C) and the water contained in the solution was removed with a Dean Stark apparatus
15 (Spaziani Rolando, Nettuno, Rome, Italy) until a K.F. value of about 2% was obtained.
The whole was then distilled at atmospheric pressure to reach % of initial volume. The
solution was brought to its initial volume by adding fresh ethyl acetate. The K.F. value at
the end of this operation was 0.9-1.1%. The final solution was cooled to 0-5°C. A solid
slowly precipitates which was filtered. The solid thus obtained was suspended in ethyl
20 . acetate (350 g) and stirred at 60-65°C for 1 hour, The whole was cooled to 5-.1 O°C,.then
filtered and dried in an oven at 70°C, thus obtaining 133 g of crude lercanidipine

hydrochloride Form (B), DSC peak 131-135°C; 75% yield.



with 95% et hanol, the precipitate was filtered and dried in an oven under
vacuum at 70C 0 2 FEB 2006 WD 03/014084 PCT/ EP02/ 08699 35 for 24 hours.
20. 2 kg of product was obtained, corresponding to a yield of g31¥&BHgI6C
purity in F _ 99.5% Conparable results are obtained with Form (C)
as starti ng%gg@ﬁ"?éﬁ . 5 EXAMPLE 6 Preparation of |ercanidi SCRdP02/08699
hydrochl oride crystalline Form (11)" ' 100 g of crude | ercanidipine
hydrochl ori de Form (C) and then 200 m o33 acetonitrile was |oaded into a
reactor. The m xture was heated under strong reflux and under stirring,

t hus obtaining a conplete dissolution. The m xture was brought to 20-30C
under slight stirring and kept at said tenperature for 24 hours. The

‘preci pi tat eg¥Rfrpr r ri.ed. | 0 Q at _70C for 24 hours. 95 g .
of dry product V\l/;aﬂé]hggt glgﬁ%gr%glr"?ig!5"53\’@?%8'?‘{"6%39@5‘ Wield: HPLC purity >
99.5% i n | ercanidi pi ne.hydroch] ori.de For I1). Conparable results are

obt ai ned when | 8a°ﬁ$3d‘i‘°p¥€f’ée H%Pﬁéﬁﬁ%eag é‘oé’%%ﬂplslo‘fasmted undes eefluxs(70-
starting %i al.. EXAMPLE 7 Preparation of |ercanidipine hydrochloride
cryst al | i ne/>Korahd(the ywates qontaineddn thesoletionewasitemaved veshpe Diear Stask agfifiatgs of
crude | ercani di pi ne hydrochloride Form (A), (B), or (C) in 200 m of 95%

ethanol wadutibaldt value of abow 206 wias obtaimedri Theimdolehwss thebBisiilalht WBfiofpaaied
under stirring and under strong reflux and then cool ed at 25C al ways under

stirring. Pressisekotéach Yas iktigltvoimé aThe SEITHGT Whs! bRoukAl tolfs ARIT Soiip
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obt ai ned. EXA reparation of |ercanidi plne

Form (11) @nd SRR comdngggdt%@é"deﬁ) QﬂhEEQ% 918 c?rg e 1er§a?1idipine hydrbchloride
Form (B) and cooled to 0-5°C. A solid slowly precipitated and was then filtered. The solid |
thus obtained was suspended in ethyl acetate (350 g) and stirred at 60-65°C for 1 hour. The

10 _ whole was cooled at 5-10°C, then filtered and dried in an oven at 70°C for 24 hours, thus
oi)taining 133 g of crude lercanidipine hydrochloride Form (B), DSC peak 131-135°C; 75%

yield.

EXAMPLE 4 Preparation of lercanidipine hydrochloride crystalline Form (I)

15 In separate representative experiments, 100 g of crude lercanidipine hydrochloride
Form (A), (B), or (C) was loaded into a reactor, followed by 400 ml of 2-propanol. The
mixture was heated under strong reflux and under stirring, thus obtaining an almost
complete dissolution of the crude substance. The mixture was hot filtered to eliminate a
slight opalescence and the clear solution lgept under stirring was cooled to 40°C.

20  Temperature was then set at 35°C. The whole was kept for 24 ilours under stirring at 35°C,
then temperature was set at 30°C, and stirring was continued at said temperature for another

24 hours. The solid was filtered at 30°C and washed with 50 ml of 2-propanol, then dried



25 g of |ercanidipine HC1 crude substance or Form (C) was dissolved at 60C
in 100 m of a mxture ethanol-H20 (8:2). The whol e was f'”f&gg\ﬂ
gravity to elimnate the possible insoluble portion and di 8 % 100
m of H20 TwW® 3614084 on t hus obtai ned was stirred at 25C BCI/ER2M§69Dr it
was added with 0.1 g of |ercanidipine hydrochloride Form (I1) 5 or it was
sonicated for 6 seconds at 20 kHz and 100 Watts, always at 25C. \hatever
the choice, after 48 hours under sti rr?‘hg the precipitate thus formed was
collected and dried in an oven at 70C for 24 hours, obtaining a 80-85%
yield of Form (Il). Conparable results are obtai ned usi ng crude Forms (A)
or (B) or lercanidipine hydrochloride crystalline Form (1) as starting
materi al . 1if aAvam a7 @ runddri waeyunt fier 2dnbdurs[Weighs af dsp prodierin iescho¢aseitves! wi t h
100 m of ethanol and seeded with |ercanidipine hydrochloride Form (I11)
(0.1 g). Af(le@tantpileoMCISOWO0 g (HPLC putity ofthe p2&dict i Gy (BP@WA)h respect to
stoi chionetric |ercanidipine hydrochloride Form(Ill) is obtained. 15
EXAMPLE 8 . Preparation of |ercanidipine hydrochloride crystalline Form
(I'1) in aqueous nethanol In representative independent exanples, 40 g of

| er cani di pimpmlp}sﬂ.a%u&ibﬁH&ca dﬂhéﬁ}dﬂ&hlsﬁaé&@kd' R Hopi {1y 1) was

di ssolved in 100 n net hanol at 30 tered by gravity

to eli m nat e tht@? gﬁﬁéﬁ%ﬁe mw% {s! P0b 2Bflordde [HcafidiphRd BfdrdMBRridd

a_ddﬁd. he sol u us o tal ne s stirred at 25C as such,” or was m;jxfed
6 seconds & %Abﬁ@ €} B pCERCL A SRl ‘*v‘@%’.mﬁ LBRppl T e
after 48 h%@ﬁy asa uﬁggfg%&ggg RHfE 'aﬁ&tﬁlﬁ?‘ tféﬁgg mﬁ%&w ed

and dried yi eI S respec Chicomet ™ ¢ . 0.2 FEB
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Conparable 1e ts are -obtain usi ng crude
slight opalescence and. the clear solunpn kept under sticring is slowly cooled to 40°C.

-—

10 . Precipitation was then triggered with 100 mg of lercanidipine hydrochloride Form (@ and
temperature was set at 55°C, keeping the mixture under stirring, The whole was kept for 24
hours under stirring at 35°C, then temperature was set at 30°C, kéep’ing under stirring at
said temperature for another 24 hours. The solid was filtered at 30°C and washed with 50

ml of 2-propanol, then dried in an oven at 70°C under vacuum for 24 hours, Weight of dry

15  product (lercanidipine HCI (1)) was 90 g (HPLC purity of the product in Form (I) > 99.5%).

EXAMPLE 5 Preparation of lercanidipine hydrochloride crystalline Form (I)
In independent preparations, 25 kg of crude lercanidipine hydrochloride, Form (A)
or (B), and then 100 1  of 95% ethanol were loaded and brought to strong reflux under
20  stirring. The solution was cooled under stirring at 20°C and thén seeded with crystalline
Form (I). The whole was then cooled to a temperature between 10 and 15°C, keeping the
reaction mixﬁlre under stirring for 4 days. The solid thus obtained was filtered and washed

with 95% ethanol, the precipitate was filtered and dried in an oven under vacuum at 70°C



(A) or (B). EXAMPLE 9 Preparation of |ercanidipine hydrochloride

crystalline Form (11) in 5 aqueous 1-propanol 60 g of | ercanidipine HC

crude Form (C) was dissolved at 60C in 100 mM of 1- propanol-H2 1 2).
nd 26K A,

After filter] ravity the possible insoluble portion. t
was cool ed ivkggagi/'ﬂ%urs to 25C and stirred for 120 hours at PEHER02/08699

tenperature, with or wi thout sonication for 6 seconds at 20 kHz and 100"
Watts. The precipitate thus fornmed was col |l ected, obtaining 90%yield

Wi th respect to stoichionetric |ercanidipine hydrochloride Form (11) after.

a drying step. Conparable results are obtained using crude Fornms (A) or

(B) or |ercanidipine hydrochloride crystalline Form(l) as starting

material. EXAMPLE 10 Preparation of |ercanidipine hydrochloride crystalline,
Form (11) for 24 houssu @0:3skeopprogioch svas 3btanedt, comespanding b o &idiy of 81%4} BIALLE
crude Form (C) was dissolved at 60Cin 100 m of 2-propanol-H20 (8:2).
After filtpuiitygntforgr dy>t99.5%e (uagmidble rdsalio hiehdtRain@l Witk FonfqC) 38 stify) Vas -
cooled in two hours to 25C and stirred for 72 hours at said tenperature,

Wi th or wnratepidl, sonication for 6 seconds at 20 kHz and 100 Watts. The
precipitate thus formed 20 was coll ected, obtaining 85%yield with respect
to stoichionetric |ercanidipine hydrochloride Form (Il) after a drying
step. The sane result is obtained by stirring for 168 hours at 10C.

Conpar apl e obtai ned using cryde Forns, (A) or (B) or_
| er cania%i ?@E?%?o@ﬁ@?@ﬁ%? §'E°§H‘ﬁﬁ'é‘elg'é'ﬁﬁ?°?‘ll‘)"%°')§’ftémrﬁ)j’rﬁ’eﬁlgri al. 0.2
FEB 2006 WO 03 140ﬁ4 Eng/ EPQ2/ 08699 38 EXAMPLE 11 Preparation of
| er cani di pi ne hi&eH§THIS lgEeapidipineyydrogbloride fopm (€) and them2@0mbof acetonitrile
N-nmet hyl pyrroli done A suspension of 50 g of |ercanidipine hydrochloride
crude For misdpadsd intp greagtor.\Thevmidiyteyas hoptedomdenettong r¢fluxiandnamlessitiringd at
20-25C for_12 days. The solid thus forned

. thus obtaining a complete dissolution. The mixture was brought to 20-30°C under slight

stirring and kept at said temperature for 24 hours. The precipitate was filtered and dried in
10 ~an oven at 70°C for 24 hours. 95 g of dry product was obtained, cotresponding to a 95%
yield; HPLC purity > 99.5% in lercanidipine hydrochloride Form (ID. Comparable results

are obtained when lercanidipine hydrochloride Form (A) or (B) is used as starting material.

EXAMPLE 7 Preparation of lercanidipine hydrochloride crystalline Form (II)

15 In separate representative experiments, 100 g of crude lercanidipine hydrochloride
Form (A), (B), or (C) in 200 ml of 95% ethanol was loaded into a reactor, the mixture thus
oobtained was heated under stirring and under strong reflux and then cooled at 25°C always
under sﬁrﬁng. The solution was kept at said temperature for 24 hours under stirring. The
precipitate thus obtained was then filtered and dried in an oven at 70°C for 24 hours. 90 g

20 of Form (II), HPLC purity > 99.5% was obtained.

EXAMPLE 7A Preparation of lercanidipine hydrochloride crystalline Form (II)



5 was collected by filtration and dried, yielding 40 g of |ercanidipine
hydrochloride Form (I1). Conparable results are obtained using crude Forns
(A) or (B) or I|ercanidipine hydrochloride crystalline Form ()2 AEB Wt i ng

mat eri al . EW#@‘ DSC anal ysi s of |ercanidi pi ne hydrochl oride
crystal | i ne "E3P and 10 (I11) DSC anal ysis neasures chZh&EP0/98622 occur

N a given sanple with heating, wherein the changes identify transition
phases. Enthal py variations taking pl ace36'n a transition phase are

cal cul ated on the basis of the area under the curve. The npbst comon
transition phases are nelting and sublimation. The tenperature at which
transition starts, onset T, is 15 given by the point in which the curve
starts to deviate framthe base line (flex point). DSC of Form (l): 3.8 ny
of Form (1) was 25I&RfdercamidipingdiGlesmudsestbsance e Farm € pwassdissebrell ian6 BCHR 100SCY .
The heating speed during the test was 10C/ mn. DSC Form (11): 4.6 ng of
Form (11) walof austiré ethanchd0e(8:PanThs whble wapaliatd by Hevily b SiniRkte RRC7 -
The heating speed during the test was 10C/ mn. 20 The data ‘are shown In
Figures 1 ible af36lubleepostivy &l dlvité wigh POY t L1 . priefly
sunmmar i zedq‘i&?\kS the fol {bg)w ng Tabl e 1WV\DH{)UB%§L2%%% ggegr(ggﬁlﬁﬁlégﬁmpgdk

2006 PCT/ LT , - -
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(11) angexQf RefddsEniEHER For B SecbRasSR b 155309 S Always of §5°%l.3 Vi Vteege'r the

choice, after 48 hours under stirring the precipitate thus formed was collected and dried in

an oven at 70°C for 24 hours, obtaining a 80-85% yield of Form (II). Comparable results
are obtained using crude Forms (A) or (B) or lercanidipine hydrochloride crystalline Form
(I) as starting material,

10 As an alternative, the-initial clear solution is diluted with 100 ml of ethanol and
séeded with lercanidipine hydrochloride Form (ID (0.1 g). After 48 hours with stirring at
25°C, 80% yield with respect to stoichiometric lercanidipine hydrochloride Form (II) is

obtained.

15 EXAMPLE 8 . Preparation of lercanidipine hydrochloride crystalline Form (II) in
aqueous methanol

In representative independent examples, 40 g of lercanidipine hydrochloride crude

Form (C) or crystalline Form (I) was dissolved in 100 ml of methanol at 30°C. The whole

was filtered by gravity to eliminate the possible insoluble portion and'25 ml of water was

20  added. The solution thus obtained was stirred at 25°C as such, or was mixed with 0. 1 gof
lercanidipine hydrochloride Form (I), or was sonicated for 6 seconds at 20 kHz and 100
Watts, always at 25°C. Whichever the choice, after 48 hours under stirring the pfecipitate

thus formed was collected and dried, with yields of 80-85% with respebt to stoichiometric



5 EXAMPLE 13 Thernogravinetry A gravinetric analysis associated wwth an IR
anal ysis was carried out on both crystalline Forns (1) and (Il)., and al so
on crude | ercanidi pi ne hydrochl oride Form (A) and on crude G FER d0pi ne
hydr ochl ori de Form éB), using a Netsch Thernom crobal ance 209 10 in

conbi nati on W@ 148 pect ronet er FTIR Bruker Vector 22. The PEHEBO2/86%
carried out according to the follow ng working conditions: 2-5 ng of

sanple was heated in a steel crucible in3nitrogen atnosphere, with a
heating speed of 10C/mn. The results obtained with crystalline Forns (I)
and (Il1) are shown in Figure 3, fromwhich it can be inferred that in both
crystalline fornms no weight | oss can be 15 observed up to their nelting

poi nt (i.e. | - 200C rin egradati on, .which takes pl aces
as indi cat é?f°%§%\b{é‘ea @%&mﬁﬁ& ??1‘6“ @- 3&"2“’1’%&@13 g?ﬁ&ﬁs e Briaingd using amide Fomw| t s
obt ai ned W('\B/bg c®de | er cani di pi ne hydrochl oride Form (A) are shown in’
Figure 19, 8re)a wei ght loss of 3.4% can be observed in the tenperature
range 25-153C. 20 The vol atile conmpound has been identified by its
corresponding IR spectrumand is ethyl 0.2 FEB 2006 WD 03/014084

PCT/ EP0O2/ 08699 40 acetate. During degradation (T > 170C) a small anount of
ethyl acet EXAMPLEaS Premeatianof leteanidipine iadrochiléideE sHstallind F3imedni s h
crude |%&r caquehusilrmopymblochl ori de Forﬁ?l?B) Vlg?e shown iir?ls Flllgu?g}@oénmﬁere a
wei ght loss of 0.5% 1n tenperature range 25-153C can be observed. 5 The
vol atil e conpou6llgiofdetinidipine HChcrullé F6mh (€5 Mas dissl écﬁﬁﬁ L i Y|
acetate (0.4% and water (0.1 % . During éeéradatsi o}’] ( @?ﬂ%ﬁbéﬁ%‘%h
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Hygroscopicity of crystalline Forns
was cooled in two hours to 25°C and stirred for 120 hours at said temperature, with or

without sonication for 6 seconds at 20 kHz and 100 Watts. The precipitate thus formed was
10 collected, obtaining 90% yield with respect to stoichiometric lercanidipine hydrochloride
" Form (II) after a drying step. Comparable results are obtained using crude Forms (A) or

(B) or lercanidipine hydrochloride crystalline Form (D) as starting material.

EXAMPLE 10 Preparation of lercanidipine hydrochloride crystalline Form (II) in
15 aqueous 2-propanol

30 g of lercanidipine hydrochloride crude Form (C) was dissolved at 60°C in 100 ml
of 2-propancl-H,0 (8:2). After filtering by gravity the possible insoluble portion the
splution was cooled in two hours to 25°C and stirred for 72 hours at said temperature, with
or without sonication for 6 seconds at 20 kHz and 100 Watts. The precipitate thus formed

20 was collected, obtaining 85% vyield with respect to stoichiometric lercanidipine
hydrochloride Form (II) after a drying step. The same result is obtained by stifring for 168
hours at 10°C. Comparable results are obtained using crude Forms (A) or (B) or

lercanidipine hydrochloride crystalline Form (I) as starting material.



10 The hygroscopicity of both crystalline Fornms (1) and (11) was neasured
with DVS analysis by neans of a water absorption analyzer (SURFACE
MEASUREMENT SYSTEM Mari on, Bucki nghanshire, UK) according ¢ o FEBe2006

foll owi ng wor ki n{(); conditions: 10-15 ng of Form (1) and (l1) respectively
were placed WR0H0IdOB4r t 2z sanpl e-hol der, placed in its turn BETAP02/08699

m cr obal ance, and the sanple underwent humdity cycles between 0 15 and
95% starting from50% of relative humdggy (25C, relative humdity (RH):
50-95-0- 95-0-50% at RH h:5% . The results of the tests are shown in the

di agrams of Figures 13 and 14. 14-1 Results obtained with crystalline Form
(I') The exposure of Form (l) to humdity in the DVS anal yzer results, in a
mass chang 0 of +0.15% at 95% RH, and of -0.3%at 0%RH_ wth al nost no
hyst er esi sm%s Preparatign of Jerganidipine hiydeechloridgherystallinet Forms (H) én
probably due to a reversible surface absorption of water. 14-2 Results

obt ai ned wiagneeusyNsméthylpyrrabidon¢ | | ) WO 03/ 014084 41 0.2 FEB 2006

PCT/ EP02/ 08699 The exposure of Form (1l) to humdity in DVS causes a

negl i gi bl e mass A/arsperisicnof(50 @oﬂEﬁﬁmHipiﬂehgfndﬁidRUnfd@%ﬁnf(@EﬁﬁSb mES#WPLE
15 Solubility of"crystalline Fornms (1) and (I1) 5 15.1 Solubility in water
and in et hangiylggrrdliIone/ Avatee €1:2) Wasstirh aicﬂol-diﬂ"d:b'fbb’lﬁh%fs?CTlliéf soB@lhys formed

crystalline Forms (1) and (I'l) was eval uated by UV- Visible spectroscopy in
bi - di stil | , : VoY ML) .. Spsten
and in I‘éstbs %ﬁ}%@flﬁ{tﬁéﬁ%ﬁlﬂ%}d&%l ar éjlfség)ar}xtlpg1 ?glc%]é% Keéﬁo%ﬁeéﬁg 89%\9%@5% ‘:’yiéorm
determ ned 4 piril e.sa nol ar sSQrptiyit s consi dered for
the determ‘mati gﬁ%&’gﬁwﬁ }eefsﬁisoygn@%n‘%efﬁ%gfu%%s&rﬁﬁi qx‘/%)télf %a@ %inly
depends on h%_:'bcﬁggder ceg'ét &luqzle F (S)r%ll I(ISi asoslgérta'ﬂlg gl%te?l%l.

EXAMPLE 12 DSC analysis of lercanidipine hydrochloride crystalline Forms (I) and
10 (@D

DSC analysis measures changes that occur in a given sample with heating, wherein
the changes identify transition phases. Enthalpy variations taking place in a transition
phase are calculated on the basis of the area under the curve. The most common transition
phases are melting and sublimation. The temperature at which transition starts, onset T, is

15  given by the point in which the curve starts to deviate from the base line (flex point)..

DSC of Form (I): 3.8 mg of Form (I) was placed in a golden pan of the apparatus
Perkin El_mer DSC7. The heating speed during the test was 10°C/min.

DSC Form (II): 4.6 mg of Form (II) was placed in a golden pan of the apparatus
Perkin Elmer DSC7. The heating speed during the test was 10°C/min. |

20 The data are shown in Figures 1 and 2 and the characteristic points of the ﬁéures are

briefly summarized in the following Table 1.



filtration of the suspension was immedi ately anal yzed with Ranman

spectroscopy. The results are shown in the follow ng Tables 2 and 3. TABLE

2. Solubility in water (about 40 ng/m as initial conditi on)o 2 SEW 20069

material Tinme [ m n;SoI ubility [nmg/m ] Residual material Form

1) 5/ 25/ 45/ BI85/ 0. 5/ 0. 5Form (1) Form PCT/EP02/08699

1'1)5/25/45/9900. 2/0.2/0.3/0.3Form (I11) 15 TABLE 3. Solubility in ethanol

100 ng/nil as initial condition) Startigg material Time [mn]Solubility
ng/ mM ] Residual material Form (1)15/45/12028/27/27Form (1) Form

(1 I ) 15/ 45/ 12011/ 12/ 12Form (I11) -0.2 FEB 2006 WO 03/ 014084 PCT/ EP02/ 08699 42

Form (Il) is less soluble than Form (1) in both solvents. 15.2 Solubility

in mxturesp e jater-et hanol at 25C and at 40C, with increasing water
concentrations Figures 4 and 5 show solubility in water-ethanol at 25C and
at 40C of Ferm-)>—b5—and—-ofForm(I1) The maximim solubility is reached
for both f Compouﬁd both terrp<=Mextﬁ1r ‘Tpe wal ntration | s of 20%
Al so in thirs—casethe—sotubi gqs(npiilé)i‘lfl‘f]] al @ili:snef?'f‘?_ﬁ Is_higher than
that of cryBermi{l} ne Form (I1 198ED<AI\/PLE 16 Sol i fi7@Ese 13C- NMR st pudies 10
The hi gh r gsoiurTom I3CNWRpot+d—phase—speetrp—were—carried out! wth the
Bruker, AS@mnstrunent ef@@Fed with a 7 nrieRat or accessory,| using
several conbined techni ques— Vagr T angte sprning—{MAS-—Abeut—-300 ng of

the sanple was placed in the rotor sp| nning at 4.3 kHz around an axis

oriented at t hehﬁﬂ%&eﬁf”%& &?ﬁ‘mﬁ to t(f] n&ﬂnaent Ie)(gotherrmc event due to salt

decomposition can be observed.

EXAMPLE 13 Thermogravimetry

A gravimetric analysis associated with an IR analysis was carried out on both
crystalline Forms (I) and (IT), and also on crude lercanidipine hydrochloride Form (A) and
on crude lercanidipine hydrochloride Form (B), using a Netsch Thermbmicrobalance 209

10  in combination with a spectrometer FTIR Bruker Vector 22.

The tests wére carried out according to the following Worhng conditions: 2-5 mg of
sample was heated in a steel crucible in nitrogen atmosphere, with a heating speed of
10°C/min.  The results obtained with crystalline Forms (I) and (II) are shown in Figure
3, from Which it can be inferred that in both crystalling forms no weight loss can be

15  observed up to their melting point (i.e., until about 190-200°C). |

During degradation, which takes places as indicated above after melting, a CO, loss
can be observe.d..

The results obtained with crude lercanidipine hydrochloride Form (A) are shown in

Figure 19, where a weight loss of 3.4% can be observed in the temi:eraulre range 25-153°C.

20 The volatile compound has been identified by its corresponding IR spectrum and is ethyl




15 field to overcone the dipolar bradening caused by CSA (Chem cal Shift
Ani sotropy). The experinments were conducted at roomtenerature. D polar
Coupling. Since nuch of line broadening in 13C spectra of or@QqﬁrgB a@ki ds is
due to coupling to protons, it was renoved by heteronucl ear decoupling
(decouplind”ﬁ@g@¥m&ﬂevel was al nost 1 Kilowatt). 20 Cross péIT&ROZE YN
(CP). Cross polarization allowed carbon nmagnetization from | arger proton
magneti zation via the dipolar coupling @ increase signal intensity. 0.2
FEB 2006 WD 03/014084 PCT/ EP02/ 08699 43 10 Total suppression of sidebands
(TOSSI. TOSS was perfornmed using spin-echoes synchronized with the
rotation of the sanple to cause phase alteration of the spinning

si debands, resulting in cancellation when successive spectra. were added

t oget her . aceipter Iyringdegedation(T P> BAGCY 2 sald pwanntiof elykacetatesic rpphaspeerlda i n'
solid phase. The signals (chemcal shift ) and attribution of the

corr espondierapseraecdoon at ons (as nunbered in the formula of |ercanidipine
hydrochl ori de shown bel ow) are represented in the followng Tables 4 and

5, respectivel YTheZesu8 oBfagrd Witk dudslerdahidiflihdhirdchickfle Hort (B) 4 dhowdlin! | 1
15~ | /17 1_926 H'9l 54 gliilol2 N+ 18 | $CO6 II Il 14 3 27 /6N 2 8
H\ 7 C_ E}igdﬂs 20, where a weight loss of 0.5% in temperature range 25-153°C can be observed.
5  The volatile compound identified with its corresponding IR spectrum is ethyl acetate
(0.4%) and water (0.1%). During degradation (T > 170°C) a small amount of ethyl acetate

in gas phase can be observed.

EXAMPLE 14 Hygroscopicity of crystalline Forms (I) and (I)

10 The hygroscopicity of both crystalline Forms (I) and (II) was measured with DVS
aﬂalysis by means of a water absorptioh analyzer (SURFACE MEASUREMENT
SYSTEM, Marion, Buckinghamshire, UK) according to the following working conditions:

10-15 mg of Form (I) and (II) respectively were placed in a quariz sample-holder,
placed in its turn on a microbalance, and the sample under‘wept humidity cycles between 0
15  and 95%, starting from 50% of relative humidity (25°C, relative humidity (RH): 50-95-0-
95-0-50% at RE/h:5%).
The results of the tests are shown in the diagrams of Figures 13 and 14,
14-1 Results obtained with crystalline Form ()
The exposure of Form (I) to humidity in the DVS analyzer results-in a mass change

20 of +0.15% at 95% RH, and of -0.3% at 0% RH, with almost no hysteresis during inass
increase and loss. These slight variations are probably due to a reversible surface
absorption of water.

14-2 Results obtained with crystalline Form (1)



29 WO 03/014084 44 Table 4. Lercanidi pi ne hydrochloride crystalline Form
() 0 2 FEB 2006 PCT/ EP02/ 08699 Chem cal shift (, ppm Attri bub o ofgar bon
atons 168.7; 167.79; 11 or 11; 9 150.1 to 120.42; 6 and 20 to :?7 E%}@

100. 93; 5 oww 080144712 63.0; 60.1 (weak)15; 17 or 17 15 48 RCIERAZ0862%

45. 419 41.14 31.618 27.7; 26.413; 14 or 14; 13 19.6; 1807 8 or 8 75
Tabl e 5. Lercani di pi ne hydrochl oride cry‘ﬁt aI line Form (11) Chem cal shift

(, ppmAttribution of carbon atons 168. 166.69; 1lor11;9 151.9 to 121.92;
6 and from20 to 37 104.0; 102.83; 5 or 5 3 79.012 66.0; 58.0 (weak)15; 17
or 17;15 49.710

The exposure of Form (II) to humidity in DVS causes a negligible mass variation (<

0.05%) in the whole RH range tested.

EXAMPLE 15 Solubility of crystalline Forms (I) and (II)
5  15.1 Solubility in water and in ethanol at room temperature

The solubility at 23°C of both crystalline Forms (I) and (I) was evaluated by UV-
Visible spectroscopy in bi-distilled water (at the pH value spontaneously reached by the
system) and in absolute ethanol. The molar absorptivity had been previously determined in
acetonitrile. The same molar absorptivity was considered for the determination in water
10  andin ethanol. Solubility in water certainly depends on pH. The residual solid obtained by
filtration of the suspension was immediately analyzed with Ran-lan. spectréscopy. The

results are shown in the following Tables 2 and 3.

TABLE 2. Solubility in water (about 40 mg/ml as initial condition).

15

Starting material | Time [min] Solubility [mg/ml] |Residual material
Form (I) 5/25/45/990 0.4/0.5/0.5/0.5  |Form (I)
Form (II) 5/25/45/990 0.2/0.2/0.3/0.3  |Form (ID)

TABLE 3. Solubility in ethanol (100 mg/ml as initial condition)

Starting material | Time [min] Solubility [mg/ml] | Residual material
Form (D) 15/45/120 28/27/27 Form ()
Form (IT) 15/45/120 11/12/12 Form (I)




48. 816 44. 319 40.54 29.818 27.6; 23.513; 14 or 14; 13 19.6; 18.37;, 8 or

7 0 2 FEB 2006 WO 03/014084 PCT/ EPO2/ 08699 45 EXAMPLE 17 IR Studies ...

The IR (infrared). spectra were recorded in KBr powder by @Qfﬁﬁﬁs@m
Ref |l ect ance,_ Techni que using a Perkin El mer Spectrum one instrunent.

spectra, whd9OPRH%Y| engt hs
the followi ng Tables 6 and 7,
and (11).
Form (1) Wavelength (cm-1)Attribution

H stretchi ng 3100- 2800Al kyl

phenyl stretching .2565N+H stretching 1673C=0 stretchi ng 1525;
1348Asymretric and symetric stretching of NO2 group 1405; 1386Bendi ng of

gem nal

met hyl groups 785-685Qut - of - pl ane bending of 5 and 3 adj acent

hydrogens on ar Bomi (IE) is lesggolitddthen Forrh {) érpleath selventsy KBr powder of
| er cani di pi ne hydrochloride Form (l11) Wavel ength (cm-1)Attribution

10

15

20

* 15.2 Solubility in mixtures of water-ethanol at 25°C and at 40°C, with increasing water

concentrations

Figures 4 and 5 show solubility in water-ethanol at 25°C and at 40°C of Form )]
and of Form (II). The maximum solubility is reached for both forms, at both temperatures,
when water concentration is of 20%. Also in this case the solubility of crystalline Form (I)

is higher than that of crystalline Form (II).

EXAMPLE 16 Solid phase *C-NMR studies

The high resolution *C-NMR solid phase spectra were carried out with the Bruker,
ASX300 Instrument equipped with a 7 mm Rotor accessory, using. several combined
techniques:

Magic angle spinning (MAS). About 300 mg of the sample was placed in the rotor
spinning at 4.3 kHz around an axis oriented at the magic angle (54° 70" to the magnetic
field to overcome the dipolar bradening caused by CSA (Chemical Shift Anisotropy). The
experiments were conducted at room temerature.

Dipc;lai' Coupling. Since much of line broadening in °C spectra of organic solids is
due to coupling j:o protons, it was removed by heteronuclear decoupling (decoupling power
level was almost 1 Kilowatt).

Cross polarization. (CP). Cross polarization allowed carbon magnetiz.ation from

larger proton magnetization via the dipolar coupling to increase signal intensity.

8;

5 and corresponding attributi &F%F%’z@?ﬁ%m in

are clearly different for the new Fornms (1)

Table 6. IR spectrumin KBr p%\%d of | ercani di pi ne hydrochl ori de
86N

and



3183NH stretching 3100- 2800Al kyl and phenyl stretching 2684N "H stretching
-1705; 1675C=0 stretchi ng 1526; 1350Asymmetric and symetric S&ﬁt\“‘q@ Q{FB of
NC2 group 1402; 1380Bendi ng of gem nal nethyl groups 800-680Qut-of - pl ane
bendi ng of WO e¥d4@+adj acent hydrogens on aromatic rings 10 FECTZEREBE62906 WO
03/ 014084 PCT/ EP02/ 08699 46 EXAMPLE 18: Raman Spectra A Bruker FT-Raman RFS
100 Spectrophotoneter was utilized under the follow ng typical

-conditions: about 10 ng sanple (w thou43 any previous treatnent), 64 scans
2 cml resolution, 100 mWI| aser power, Ge-detector. 5 The follow ng Tabl es
8 and 9 show the nost significant peaks of Raman spectra of Form (1) and
.Form (11), respectively. Table 8. Raman spectrum of crystalline Form (1)

- Viave nunber (CWol)arggpkprLsg}o%ng | ievan 2 Wothi P M6s8 %Vhés%%ﬁ%’yne]aezgnsg éLI’Eif{'f‘g";illoeS

synchronized with the rotation of the sample to cause phase alteration of the spinning
sidebands, resulting in cancellation when successive spectra were added together.

Crystalline Forms (I) and (IT) show different 13C-NMR spectra in solid phase. The

5  signals (chemical shift ) and attribution of the corresponding carbon atoms (as numbered in

the formula of lercanidipine hydrochloride shown below) are represented in the following

Tables 4 and 5, respectively.

e T 7
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1583M 1489M 1349Vs 1236M 1005S 821M 174M 98S 73Vs * M= noderate; S= strong,

Vs =very strong 02 FEB 2006 WO 03/014084 47 Table 9. Raman s&gg&r@] 8f
crystalline Form (11) PCT/EP02/ 08699 Wave nunber (cm) Peak i ?@9 3074M

3064M 3055M@05EMsI030M 2973M 2940M 1675S 1647S 1630M 1584MICT/EP02/08699

44

" Table 4. Lercanidipine hydrochloride crystalline Form (1)

Chemical shift (, ppm) Attribution of carbon atoms
168.7; 167.7 9 1lorl1l;9
150.1 to 120.4 2; 6 and 20 to 37
104.3; 100.9 3;505;3
79.7 12

. 163.0; 60.1 (weak) 15;17 01 17;15
48.6 10
47.7 16
454 19
41.1 4
31.6 18
27.7; 264 13; 14 or 14, 13
19.6; 18.0 7,8 0r8;7

5  Table 5, Lercanidipine hydrochloride crystalline Form (II)

| Chemical shift ( , ppm) Attribution of carbon atoms
168.1; 166.6 9 1lor1l;9
151.9t0121.9 2; 6 and from 20 to 37 |
104.0; 102.8 3;50r5;3
79.0 ' 12
66.0; 58.0 (weak) 15; 17 or 17;15
49.7 10
48.8 16
44.3 19
40.5 4
29.8 18
27.6; 23.5 13; 14 or 14; 13
19.6; 18.3 7,80r8;7




1489M 1351Vs 1005M 995M 103Vs 85S * M= noderate; S= strong, Vs =very strong
5 EXAMPLE 19 Bl oavailability of crystalline Forns (1) and (I1) Exanple
'19a- Dog A study was carried out on six Beagle dogs to eval ugthEBegous

bi oavailability of <crystalline Forns (I) and (I1). The products, in

m croni zed fypo 03/0Me94e adni ni stered orally by hard gel atin cRETEPEN86P)
filled up wwth the active agent, Form(l) and (Il), at a dosage of 3 ng/kg,
adm ni stered once in the norning of the day of the experinent. WO

03/ 014084 48 0 2 FEB 2006 PCT/ EP02/ 0869 Bl ood sanpl es were taken at given
times and plasma concentrations of |ercanidipine were determned with a
stereosel ective anal ytical nethod HPLC- M5/ MS, according to the

--foll ow ng-working conditions;. Lercanidipine was extracted from dog .
pl asma by nmeans of a liquid-liquid extraction 5 with a m xture of n-hexane
and ethyl ether. The dry residue of the organic phase was taken up with a

e of JLURGk s Yk 4BhRs and, 2, Gul O phase chromalographic separalfon
7,y LTl s el G e g R 1
(M NE) by Tl;cszﬁguealysing a Perkin Elmer Spectrum-one instrument. IR spectra, whose wave lengths

5 and cc;rresponding attribution are shown in the following Tables 6 and 7, are clearly

different for the new Forms (I) and (ID).

Table 6. IR spectrum in KBr powder of lercanidipine hydrochloride Form (I)

10

Wavelength (cm 1 Attribution

3186 | NH stretching

3100-2800 Alkyl and phenyl stretching

2565 ' N*H stretching

1673 C=0 stretching

1525; 1348 Asymmetric and symmetric stretching
of NO; group

1405; 1386 Bending of geminal methyl groups

785-685 Out-of-plane bending of 5 qnd 3
adjacent hydrogens on aromatic rings

Table 7. IR spectrum in KBr powder of lercanidipine hydrochloride Form (II)

Wavelength (cm 1

Attribution

3183 NH stretching

3100-2800 Alkyl and phenyl stretching

2684 N'H stretching

1705;1675 C=0 stretching

1526; 1350 Asymmetric and symmetric stretching
of NO, group

1402; 1380 Bending of geminal methyl groups

800-680 Out-of-plane bending of 5 and 3
adjacent hydrogens on aromatic rings




10 el ectrospray techni que. The anal ytical nethod was validated in a
concentration range between 0.1 and 20 ng/m of plasma for both
énantiomers. The method has shown to be specific with an adbarfEd /206 15%
The average concentrations of lercanidipine in the tables represent the
sum of bot WM ¥hers. 15 The profiles referring to the RidYERJ08699
concentrations of lercanidipine for both forns are shown in Figure 10. The

foll owi ng Tables 10 and 11 show single \égl ues referring to AUC, Tmax, C.
and to plasma concentrations. WO 03/014084 49 0.2 FEB 2006 PCT/ EP02/ 08699

TABLE 10. Mean values (n=5) of AUCo_t, Cmax and Trmax of | ercani di pine
hydrochloride (S+R) crystalline Form (l) and crystalline Form (l1l), in
dogs, after oral admnistration at a dosage of 3 ng/kg. Form (l) 5

Par anet er DEXAMPRESy RdMagn SpegrdDog 6MeanSD 1
AUCO _t 15.41263. 8327.54446.5770. 3928. 7237. 7319. 12 ng/ h/ M Tmax

(h)y2.004. 006. 00}. §}ARe;OPARARAN ¥ 16F Spectrophotometer tilized i
a8, 29128, 8711, 6359, 1725 5817 8317 o8 reqoTrer was yilized ynder the following

Par anet er Dpglf.chaltdds:3ad: 'R gl MRSy previous treatment), 64 scans 2 om™

resolution, 100 mW laser power, Ge-detector.
5 The following Tables 8 and 9 show the most significant peaks of Raman spectra of

Form (I) and Form (II), respectively.

Table 8. Raman spectrum of crystalline Form (I)

Wave number (cm™) Peak intensity *
3054
3040
2981
2941
1675
1646
1583
1489
1349
1236
1005
821
174
198
73 Vs
* M= moderate; S= strong, Vs =very strong

RIRIR|®|RIRIR|R

3

“IRIR|»IR




AUCo. t 54. 59119. 7775. 62173. 82142. 3461. 91104. 6843. 99 ng/ h/ M  Tmax

(h) 3. 001. 501. 504. 002. 006. 003. 001. 61
‘C18. 4652. 1919. 7852. 6455. 3818. 5636. 1717. 27 (ng/m ) * not incl Jb2d EBn20he

cal cul ati on, Qf val ue WO 03/014084 50 0 2 FEB 2006 PCT/ 8699
Tabl e 11. %/@Pﬂg@&{c}oncent ration in plasma of |ercanidipi ngﬁgﬁﬁgﬁ‘l"( ride
S+ crystalline Form and crystalline Form , in dogs, after ora
(S+*R I 1i F (1) d I 1i F (rr), ind f I

adm ni stration at a dosage of3 ny/kg. g9rm (I') Time (h)Dog 1Dog 2*Dog 3Dog
4Dog 5Dog 6MeanSD 00. 000. 000. 000. 000. 000. 000. 000. 00

0. 50. 10. 200. 000. 000. 000. 000. 000. 02 10. 590. 290. 000. 000. 000. 000. 120. 22
1.51.831. 060. 320. 001. 330. 000. 700. 73 28.298. 940. 940. 3517. 110. 285. 396. 34

34: 4436. 390. 9227. 1722. 581. 2911. 2811. 11
'41. 81128. s¥able 91 Ragan sppyendgrstdlimdosm. (H)26. 6511. 622. 539. 7317. 838. 506. 50
5 Form (I1) Tine (h)Dog 1Dog 2*Dog 3Dog 4Dog 5Dog 6MeanSD

.001000.000.000.000.qggwgagmgp@mgq . Peak intensity *
3074
3064
3055
3048
3030
2973

2940
1675
1647
1630
1584
1489
1351
1005
995

103

85

wglzlzlz|ziglz|wla|z|z 22|z

* M= moderate; S= strong, Vs =very strong

5 EXAMPLE 19 Bioavailability of crystalline Forms (I) and (II)
Example 19a-Dog
A study was carried out on six Beagle dogs to evaluate the bioa\(ailability of
crystalline Forms (I) and (ID).
The products, in micronized form, were administered orally by hard gelatin capsules
10 filled up with the active agent, Form (I) and (II), at a dosage of 3 mg/kg, administered once

in the morning of the day of the experiment.



0. 50. 0022. 676. 990. 000. 000. 001. 402. 61 10. 0052. 1316. 615. 503. 280. 005. 085. 91
1. 50. 2352. 1919. 7835. 4332. 693. 4918. 3214. 88

27.6335. 4517. 8138. 1055. 3810. 1925. 8219. 23 0 2 FEB 2006
318. 4617. 4315. 8028. 3640. 5714. 1023. 4612. 56 (
414. 835, 17 MO 98614089423 6613. 2423. 6916. 26 PCT/EP02/08699

68. 054. 503. 6217. 466. 7618. 5610. 896.82 * not included in the cal cul ation of
nean value 0.2 FEB 2006 WO 03/014084 P(T/ EP02/ 08699 51 The fornul ation
containing Form (lI1) is nore bioavail ab than the one containing
crystalline Form (1) in 5 animals out of 6. To sinplify the conparison, dog
2 was excluded fromthe evaluation, since after the 5 adm nistration of
Form (1) dog 2 shows a plasma AUC of 264 ng/ h/mM versus a nmean value of 38

f 19 . (SD) of Biéwl satiphes werdinken at@ivenftimeatahd blasma dondehteatiNd€ offek@nidipine
admnistration of Form (1) is simlar to that of the other animals, the

val ue bei ﬂ@r&&&eﬂxﬁﬁ&ﬂﬁltﬂQ§teréb§eleélﬂfe%ﬁiytlcéﬁhﬁetﬁéd)HPEClMQlMStééc&fdmfoto

| er cani di pi ne hydrochloride (Form (11)), expressed as Increas

AUC of Ie&wﬂ%%ﬂ&éﬁ@u t ai ned after adm nistration of Form(ll) |_s

about 3 I mes at obtained with Form (1). The average profile

of plasma concentrations St II| e fornms,i n Fi ure 10.
The analysis of“FRESE! rfee‘ga(ﬁlef‘ afgﬁ%&g %&t rfBEﬁ’Fts OB?fiﬂBﬂgmi‘iﬁ’iﬂaﬁ o S+R)
absorbed after, adm tration of crystalllne Form (11) is 3 times higher
t hat FBtH, apixtur G\HEP ga’éanﬁﬁ%det 5l efb&oribeidpnresidue of the ppgeaicpbasewasigken | |
practically unchanged. Plasnma concentrations 6 hours after adm nistration
(1 ast sanBPwith 3 mixpresefanethariol and watdnand oa dignid-phesoeisomeiogypbic Sp&ratién 5
ng/m after adm nistration of Form (1) and of 10.9 f

(LC) was carried out; the two enantiomers of lercanidipine were separated on a

CHIROBIOTIC V column (Vancomycin) (particle size 5 m, column size 150 x 4.6 mm
(ASTEC, NJ, USA)) and were detected with a mass spectrometer (MS/MS) by using an
10 eleptrospray technique.

The analytical method was validated.in a concentration range between 0.1 and 20
ng/ml of plasma for both enantiomers. The method has shown to be specific with an
accuracy of 15%. The average concentrations of lercanidipine in the tables represent the
sum of both enantiomers.

15 The profiles referring to the average concentrations of lercanidipine for both forms
are éhown in Figure 10. The following Tables 10 and 11 show single values referring to

AUC, Tmazx, Cmax and to plasma concentrations.



6.8 ng/m after adm nistration of Form (I1). EXAMPLE 19b-Man 20 A study was
carried out on 16 healty volunteers to assess the relative bioavailability
‘of | ercanidi pine hydrochloride Form (1) and Form (I1). For@z([}éB §
repr esent egv b&' a tablet of Zanedi pR corresponding tol O ng_0f 1ercani di pi ne
hydr ochl or MEO(BEBr ence -R). Form (11) was admini stered TQUVFRRBEP a 10
ng tablet prepared exactly in the sane way and with the 02 FEB 2006 WD

03/ 014084 PCT/ EP02/ 08699 52 sane conposjtion of Zanedi pR 10ng, starting
frommcronized Form (l11) having the sa particle size of Form|

(Test-T). Blood sanples were taken at 15 points fromtine O to 24 h

post -dosi ng and pl asma concentrations of |ercanidipine were determ ned with
a - stereosel ective analytical method HPLC- M5/ M5. The phar nmacoki netic

‘par amet er STABLE(#0ai Meah saleeg{ms)of AUCYS G,k beIMIRg dradtesni Mo by diotRIoRte
(I'l'yPoint Estimate90%C. 1. geom |eastgeom |least(T/R) s uare fmeans uare

a1, 50° 3 50F 67 3ar 15 o2 {08 ot KoM ks st Bl datinfigalofles o, ..

medi an di de?Jg@B?gn?g/kg?ast square nean

Form (I)

Parameter |Dog |Dog2* [Dog3 |Dog4 |Dog5 |Dog6 |Mean | SD
1

AUC. 15.41 |263.83 [27.544 146,57 (7039 |28.72 |37.73 [19.12

ng/h/mi

Tmax (h) 200} 4.00 | 6.00 | 3.00 3.00 6.00 4.00 | 1.67

Crnax 8.29 (128.87 |11.62 |27.17 |22.58 |17.83 |17.50 | 6.91

(ng/ml)

Form (II)

Parameter |Dog |Dog2* |Dog3 |Dog4 |Dog5 |[Dogé |Mean | SD
1

AUCy. 54.59 (119.77 |75.62 [173.82 |142.34 |61.91 |[104.6843.99

ng/h/ml

Tmax (h) 3.00| 1.50 | 1.50 4.00 2.00 | 6.00 3.00| 1.61

Crax 1846 | 52.19 |19.78 | 52.64 | 55.38 [18.56 36.17(17.27

(ng/ml)

* not included in the calculation of mean value




The obtained. results indicated that |ercanidipine hdyrochloride Form (I1)
was not bioequivalent to Forml, with Form (I1) obtaining higher plasm

| evel s, that |ercanidipine 10 hydrochloride Form (1) has a tnmax é&% S
shorter than that of Form (I11), suggesting s its use in i miehif& Bl ease
formul ati on§¥ %E 20 X-ray diffraction studies Philips fM/Epoiscand
Philips X pe ? 40 powder diffractoneter (Copper Ka radiation) were
used, under the follow ng typical conditions: about 5-70 ng sanple 0.2 FEB
2006 WD 03/014084 PCT/ EPO2/ 08699 53 (vvigohout any previous treatnent) with
application of a slight pressure to obtdln a flat surface. Anbient air

at nosphere. 0.02 20 stepsize, 2 sec step-1, 2-50 20. The obtai ned spectra.
are given in Figures 11 and 12 and the corresponding main peaks are
described in Tables 12 and 13. The data are clearly different for new

i sol ated Habde rid. (1Avezpe Concpniratiobl & phasmy @D lerprrddiping bydrpehlaridei (BPne
hydrochloride Form (l1). D (O)Relative intensity (Uo)2 0 angle 16.3835.4
6. 24714. 2 4ryRdSHFAmAT) DA 2staTlink REROAD, 18 BgHAReN@l firfintiraticidat aXloRie
spectrum of 1 ercanidipine hydrochloride Form (I11). 10 D (0)Rel ative

intensity (o};f_;,.lnqg/gg_-o angle 9.3359.5

Form (I)

Time (h) |Dog1 |Dog2* |Dog3 |Dog4 |Dog5 |Dog6 |Mean | SD

0 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00
0.5 0.1 0.20 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.02
1 0.59 0.29 | 0.00 | 0.00 | 0.00 | 0.00 | 0.12 | 0.22
L5 1.83 1.06 | 032 | 0.00 1.33 0.00 | 0.70 | 0.73
2 8.29 894 | 094 | 035 |17.11 0.28 | 5.39 | 6.34
3. 4.44 36.39 | 092 [27.17 |22.58 1.29 |11.28 |11.11
4 1.81 128.87 | 9.42 [11.07 11639 | 626 | 8.99 | 556
6 0.80 26.65 {11.62 | 2.53 9.73 |17.83 | 850 | 6.50

Form (II)

Time (h) |Dogl |Dog2* |Dog3 |Dog4 |Dog5 |Dog6 |Mean | SD

0 0.00 | 0.00 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00
0.5 0.00 |22.67 6.99 0.00 0.00 | 0.00 | 1.40 | 2.61
1 000 |5213 |1661 | 550 | 328 | 0.00 | 508 | 591
L5 023 [52.19 [19.78 (3543 [32.69 | 3.49 |18.32 (14,88
2 763 |3545 |17.81 |38.10 |5538 |10.19 |25.82 |1923
3 1846 |17.43 1580 |28.36 |40.57 |14.10 [23.46 |12.56
4 114.83 | 517 |14.10 [52.64 |23.66 [13.24 |23.69 [16.26
6 8.05 | 4.50 3.62 (1746 | 6.76 [18.56 |10.89 | 6.82

* pnot included in the calculation of mean value




6.04514.7 5.49 .6516.1 4.655219.1 4.277420.8 3.814123.4 3.7710023. 6
3.584424.8 3.542925,2 0.2 FEB 2006 WO 03/014084 PCT/ EP02/ 08699 54 EXAMPLE

21 Melting point determ nation of various m xtures of lerc # tgl
hydr ochl ori de-crystalline Forns. (1) and (I1) The nelting gh nt's of
conposi ti onSVR8#H&IHEH ng of known ratios of |ercanidipine 5rapEPa@ustiori de
crystalline Fornms (1) and (11) were determ ned manual |l y. Conditions
consisted of using a set point of 177C and introducing the capillary into
the instrunment (Melting Point Apparatusinodel 535, Bnchi Labortechni k AG
Flawi |, Switzerland) at approximately 5C below the nelting point. Results
are shown in Table 14. 10 Table 14. Melting points of conpositions

consi sting of known ratios of |ercanidipine hydrochloride crystalline
Forms (1) and (I1). Sanples in Series A and Series B were heated at a
gradient of 1Cmn and 0.5C/ mn, respectively. Results are given in T.

Rati o | ercani di rochl or| de LI i ne Sanpl_ePureForm (I Form
(1'1)Pure Form (%‘@?T?%%mﬁig m’é‘ﬁfroﬁ%a(h? o bioavailable than the ote <):onta1mng
A186. 8188. 0189. 5190. 0192. 2194. 2194. 3 Seri es
B185. 9- 1g4cwsteline Fomp D n § gwmsls TYBOL/.190. 6-

To simplify the comparison, dog 2 was excluded from the evaluation, since after the
5  administration of Form (I) dog 2 shows a plasma AUC of 264 ng/h/ml versus a mean value
of 38 £ 19 (SD) of the other 5 dogs. On the other hand, its AUC after administration of
Form (I) is similar to that of the other animals, the value being 120 versus 105 + 44
ng/h/ml.
The bioavailability of lercanidipine hydrochloride (Form (IT)), expressed as increase
10 . in. the AUC of lercanidipine (R+S) obtained after administration of Form (II), is about 3
times higher than that obtained with Form (I). The average profile of plasma concentrations
for both crystalline forms is shown in Figure 10.
The analysis of these results shows that the amount of lercanidipine (S+R) absorbed
after administration of crystalline Form (II) is 3 times higher that of Form (I), whereas the
15  absorption speed, expressed as Ty, is practically unchanged.
Plasma concentrations 6 hours after administration (last sampling time) are similar,
the concentrations being of 8.5 + 6.5 ng/ml after administration of Form (I) and of 10.9 =
6.8 ng/ml after administration of Form (II). ‘
EXAMPLE 19b-Man
20 A study was carried out on 16 healty volunteers to assess the relative bioavailability of
lercanidipine hydrochloride Form (I) and Form (I). Form (I) was represented by a tablet of
Zanedip® corresponding to10 mg of lercanidipine hydrochloride (Reference ~R). Form (II)

was administered in form of a 10 mg tablet prepared exactly in the same way and with the



186. 8186.1187. 0187. 4189. 4190. 5192.9 15 U. S. Patent No. 5,767,136 discloses
crystalline | ercanidipine hydrochloride as having a nelting point of

186- 188C. Table 14 shows that this nelting point is exhibited by m xtures
of Form (1) and Forn(ll) in which the ratio of Form (1):Form (I1) varies
‘between 9:1 to 3:7. Bianchi et al. (Drugs of the Future, 1987,
12:1113-1115) report a 02FEB2006 WD 03/014084 PCT/ EP02/ 08699 55 nelting
poi nt of 186-188C (non DSC) for a |ercanidipine product gHEVE%Hgﬁacterize
as "crystals". Hence, the nelting point of a preparation of |ercanidipine
hydrochl oride is not sufficient--by--itself to- distinguish the
particul ar- fyeromoes -forns -present-therein, and nmany BETEPIFEDI of

di fferent conpositions have the sane nelting point range. 5 EXAMPLE 22.

M croni zati on of |ercanidipine hydrochlgride. Mcronization is carried out
by a jet-m || process using a M CRONETPE M30O fromthe firm NUOVA GUSEO
(Villanova sull'"Arda -PC Italy). Paraneters are as follows: Injection
pressure, 5 Kg/cny; mcronization pressure, 9 Kg/cng; and cycl one 10 .
pressure, 2.5 Kg/cng, Capacity, of micronjzation is 16 Kg/h. Particle size
i s det er ni nedmgyomposition of £anadiv’ sHlme eprting fromimigronizedAlonp (08 havipe fhs supe

i nstrunment (GALAI, i.fa,_lsrael M croni zatj on | erforned to_obtain an
aver age par tpaEqee %’1";’% FTGFn b@eﬁdﬁ@ }3?-055 DlG§ VefS ta%e@@&/éf's’idp“f%’g?ﬁ‘ t“i‘SOf‘h%‘?pr esent
invention is not ftq be |[imted in scope t he specific, enhodi nents
Hoeert bod heh GRH-AoiR dat PAsis, SPRECTORT (9 deeTAPDT oke deROBI DR 5
addition to thos descri bed heyej i o] apparent. t.o those skilled
inthe art f?‘?f?ﬂsqf‘fé‘v? Oarnglggqaﬂgmet%@s W*@Wéngﬁ? A éﬁy?aﬁaén%rbur es.
Such nndi;icqﬁLogs are 1 epﬂed tp fall within the scope of the appended
cl ai ns. obtained are given in the following fable

Form (I) Form (II) Point Estimate |90%C.I.
geom, least | geom. least | (T/R)
. square mean square mean

AUC y¢ 8.82 10.36 1.17 0.93-1.48
| (ng-h/mL) : '
Conax 3.18 3.22 1.01 0.73-1.42
 (ng/mL) .
tmax ' 1.50* 2.50* 0.75%* 0.00-1.25
() .
Cna/AUC 0.386" 0.3297 0.85 0.69-1.02
* median
** median difference
A least square mean

The obtained. results indicated that lercanidipine hdyrochloride Form (II) was not
biéequivalent to Form I, with Form (I[) obtaining higher plasma levels, that lercanidipine
10  hydrochloride Form (I) has a ty,y that is shorter than that of Form (II), suggesting s its use
in immediate release formulations. |
EXAMPLE 20 X-ray diffraction §tudies
Philips PW 1710 and Philips X pert PW 3040 powder diffractometer (Copper Ko

radiation) were used, under the following typical conditions: about 5-70 mg sample



20 Patents, patent applications,
cited throughout this application,
i'ncorporated herein by reference in

el ting poi MO BT
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having a nelting point,
about 0.3-0.7% (w w) ethyl
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speetryip of Jexcanidiping BydsaghleridetHoom (B xt ure of step ii) and

arl_Fischer, of

20 lii.

publ i cations, procedures,
t he di sclosures of which are
their entireties.
rcani di pi ne hydrochl oride solid Form (
out 150-152C, (DSC peak) and conprisin
2. Crude lercanidipine hydrochloride solid FOfﬁ](B)
5 35C (DSC peak) and conpri sing
acetate. 3. met hod of producing the crude
conprising the steps of:

i

D (A) Relative intensity (/o) |2 6 angle
16.3 83 54

6.2 47 14.2
4.78 29 18.6
4.10 63 21.7
4.06 36 21.9
3.90 100 22.8

Table 13. X RD spectrum of lercanidipine hydrochloride Form (II).

10
D (4) Relative intensity (I/Io) |2 0 angle
9.3 35 ' 9.5
6.0 45 14.7
5.49 65 16.1
4.65 52 19.1
4,27 74 20.8
3.81 41 23.4
3.77 100 23.6
3.58 44 24.8
3.54 29 25.2

and the |like are

0 2 RER FEBOMIG6
A haV|n a
g3% 996

Erﬁ“&i de
iboldted ng

renovi ng
concentrating t he
suspensi on havi ng




 between 0.10 and 0.15% iv. cooling the suspension obtai negl2i FEB2WH iii) to
obt ai na soly@isoimsyy- filtering the solid fromstep iVv); Yirep&isPendi ng
the solid of step v) in ethyl acetate; vii. cooling the suspension of step
vi) ; and viii. filtering and drying the precipitate of step vii) to
produce the crude |ercanidipine hydroghl oride Form (A). 30 4. The nethod
of claim3 wherein the reacting step b) is conducted at a tenperature
between -5 and +5C. 5. The nethod of claim 3 wherein the chloride in step
a) is thlonyl chloride. 0 2 FEB 20Q 57 6. The nethod of claim 3 wherein in
step ¢) ii) conprises renoving the water from step c¢) i) by azeotropic
distillation under vacuumw thin the range 200-300 mm Hg, at a tenperature
not hi gher_than 60C, to Erodug:e a mxture. 7. The nmethod of'claim3 wherein
t he resusfeMPLEs 2% Meltipg poing stermination of ivarjous miguss- afslerdanidipineut 1
hour. 8. The nethod of claim3 wherein the drying in step ¢) viii) is in an
oven at 7®gdrahloTide-cnystditine Bormsi(Biamd3IN)wher ei n t he washing step ¢) i) is
with water; the mxture in step c) iii-) is concentrated to 1/3 of its
initial vol uneThndedigvpointsicf canhesitioms copsisting of Rnews ptios iof Nerbatdipime about
the sanme volune as the initial volunme of said io mxture; and the water
cont enf ohydraéhdoriies prysialline Formor(@)i mgl () Keerd detesaided manuslly. betsgiong. 1 and
0.15% 10. The nmethod of claim3, wherein cooling in step c) iv) is carried

out up tocensistedngiarsiigy ot WoinhoN 17719€ dndlifodiking-thcaptilary TS tHeEtbagn&k C!l ai m
3 wherein cooling in step vii) is carried out up to a 15 tenperature

wi t hin raqgeitiag Peint Apparatus model 535, Biichi Labortechnik AG, Flawil, Switzerland) at

approximately 5°C below the melting point. Results are shown in Table 14.

10  Table 14. Melting points of compositions consisting of known ratios of lercanidipine
hydrochloride crystalline Forms (I) and (II). Samples in Series A and Series B were heated

at a gradient of 1°C/min and 0.5°C/min, respectively. Results are given in °C.

Ratio lercanidipine hydrochloride erystalline

Sample |Pure Form (I): Form (IT) Pure
Form (I) Form
9:1 7:3 1:1 3:7 1:9
an

Series A | 186.8 188.0 189.5 190.0 192.2 194.2 194.3

Series B | 185.9- 184.4- 184.5- 186.7- 186.5- 188.7- 190.6-
186.8 186.1 187.0 187.4 189.4 190.5 192.9

15
U.S. Patent No. 5,767,136 discloses crystalline lercanidipine hydrochlbride
as having a melting point of 186-188°C. Table 14 shows that this melting point is exhibited
by mixtures of Form (I) and Form(Il) in which the ratio of Form (I):Form (II) varies

between 9:1 to 3:7. Bianchi et al. (Drugs of the Future, 1987, 12:1113-1115) report a



12. A nethod .of producing the crude |ercanidipine hydrochloride Form (B)
of claim 2, conprising the steps of: a) reacting

.2, 6-di met hyl - 5- net hoxycar bonyl - 4- (3-ni t rophenyl ) -1, 4- di hydr pyrEiRd 008
3-carboxylic acid. wth a chloride selected fromthe group cornsi sting of
thi onyl ~ 20 WRP¥HHPE and oxalyl chloride in an aprotic di poPEFEBE¥086Ht and
an aprotic polar solvent to produce the correspondi ng carbonyl chloride;
b) reacting, in-situ, the, chloride of step a) . with 2, N dinmethyl-N (3, 3-
di phenyl propy! ) - 1- ani no- 2- propyl al coholP3to yiel d crude |ercanidipine
hydrochl ori de; and 25 c) isolating the crude |ercanidipi ne hydrochl ori de of
step b) and recovering crude Iercanidipine hydrochloride Form (B), wherein
step (c) consists essentially of the following steps: i') washing the

Crude | ef Capliighigit I/ AR Bl IIC)HER 1hcaitiphneBloRliet dpby bnde SN t he
water from steg ") to produce a m xt'ure having a water content o
about 2% perasur.ed.acconding.to Karl. Fischet: ii,') .concentyating the

m xture of cg'ysg%s i‘idH?ncgh eé‘&Fﬂﬁ%P% Qf&greggatbqno%tt}g p%qe%p{r%q&ﬁ $Ptabout
the sane vol une t\?g}tth? initial volunme. of the mxture 0 2 FEB 2006 58 of
step ii') HHHcigntRydsell-tordighnguish the partigulat éorimaer fqrms present therefi pRd atany. 9

and 1,1% iv') cooling the solution of step iii') to obtain a solid;, V')
filtering miusepf dffersnt commesitipny have the samermelting peintitange.t he solid of step
v') In a solvent; vii') cooling the suspension of step vi'); and viii')

filterisng and drying the solid obtained to produce the crude | ercanidipine
hydr ochl ori de Form (B).
EXAMPLE 22. Micronization of lercanidipine hydrochloride. -

Micronization is carried out by a jet-mill process using a MICRONETTE M300
from the firm NUQVA GUSEO (Villanova sull’Arda -PC- Italy). Parameters are as
follows: Injection pressure, 5 Kg/cmgq; micronization pressure, 9 Kg/cmgq; and cyclone

10  pressure, 2.5 Kg/emq. Capacity of micronization is 16 Kg/h. Particle size is determined by
laser light scattering using a GALAI CIS 1 laser instrument (GALAI, Haifa, Israel).
Micronization is performed to obtain an average particle size of D (50%) 2-8 pm and D
(90%) < 15 pm.

% * *

15 The present invention is not to be limited in scope by the specific embodiments
described ﬁerein. Indeed, various modifications of the ihvention in addition to those
described herein will become apparent to those skilled in the art from the foregoing
description and the accompanying figures. Such modifications are intended to fall within
the scope of the appended claims.

20 Patents', patent applications, publications, procedures, and the like are cited

throughout this applicatipn, the disclosures of which are incorporated herein by reference in

their entireties,



13. The method of claim12 wherein the reacting step b) is conducted at a
to tenperature between -5 and +5C. 14. The nethod of claim 12 wherein the
chloride I's thionyl chloride. 15. The nethod of claim 12 wherein step c)
ii') conprises renmoving the water fromstep I') by azeotropi @ggﬂa%éo
produce said m xture. 16. The net hod o% claim 12 wherein step ¢ I 9
conpri ses concentrating said 15 m xtu & to 314 of its initial vpl une.
~17.. The f,ﬁgd of claim 12 wherein said solvent in steps c).111 ) and .
vi') is e?% acetate. 18. The nethod of claim 12 wherein the step c) Iv')

-~ conpri sesq .,cgahdengaerbaﬁidﬁﬂhéltﬂfgfbm%m&rio& %Sﬁ@?ogﬁrggﬁyé)ﬂaﬁ@ 3 tn:éfchr{ecf’b%t%f 0-5C.

20 19. The nethod of claim erein sai conpri ses
~stirring 48Rt 16051 S IS Gpesk) amicomplisiap aboubBe Y% Guhw) a?yl aﬁeﬁmm hod or_d
" claim 12 V0 sakd st Vil ' ) fur coppri,ses cool | e 7 _soli
to -a ten%greglfdu%]'éééggkd%ﬁ% rﬁ’hﬁ%é&'ki C Sﬁﬁ&?ﬁ@ @H&ﬁﬁr@‘ ac%ﬂﬁigl? ePkin
sai d dvyiatmputr 34t 45°0 (DSQ peak) andito@paSingtabo?B0 BP9 (IR @kt H¥etatd2: The
met hod of, apy ‘one of claims 3-21, wherein said aprotic dipoldr solvent is
di met hyl f%r&réﬂ?@@da‘#op@gpa'”Sﬁh@tqf%d%éﬁrﬁﬁn@tﬂlﬂﬁbhvdﬁo§h@!’ll(d9l) cugﬁpétﬁ:m&t )

| sol at ed bl rochl oride crystalline Form (1), whic as e
X-S?ay di%ﬁg@??%aﬁpgﬁpgﬁ', at wavel ength Ka, as shown in Figure 11. 30 24.

The | er cai tasiting 2ﬁy@iﬁtﬂﬂ?ﬁ’lf&n@fgqﬂmé:hdnal-ﬁas(zﬁxitr%[i{mﬁle)miﬁlidﬁ}ygmgﬁ;di(lééJE| g)
a66°%o P TR AT L o990 BB iy e Bk G o iy

10 chloride and oxaly! chloride in an aprotic dipolar solvent and an aprotic polar

solvent to produce the corresponding carbonyl! chloride;

b) reacting, in-situ, the chloride of step a) with 2, N-dimethyl-N-(3,3-
diphenylpropyl)-1-amino-2-propyl  alcohol. to form crude lercanidipine
hydrochloride; and | |

15 c) isolating the.‘crude lercanidipine hydrochloride of step b and recovering crude

lercanidipine hydrochloride Farm (A),
: whérein step (c) consists essentially of the following steps:
i. washing the crude lercanidipine h.'yd.rochloride' of step b) with water;
il. removing the water from sfep i) to produce a mixture;

20 li. concentrating the mixture of step ii) and adding solvent to produce a
suspensioni having about the same volume ‘as the initial volume of the
mixture of step ii) and a water content, according to Karl Fischer, of
between 0.10 and 0.15%;

iv.  cooling the suspenslon obtained in step iii) to obtain-a solid:
25 v. filtering the solid from step iv);
vi. re-suspending the solid of step v) in ethy! acetate;
vil. cooling the suspension of step vi) ; and
viii. filtering and drying the precipitate of step vii) to produce the crude
lercanidipine hydrochloride Form (A).

30 4. The method of claim 3 wherein the reacting step b) is conducted at a

temperature between -5 and +5°C.

5. The method of claim 3 wherein the chioride in step a) is thionyl chloride.




6.24714.2 4.782918.6 4.106321,7 4.063621.9 3.9010022.8 25. Isolated
| er cani di pi ne hydrochl oride crystalline Form (l11), which has an X-ray

diffraction pattern, at wavel ength Kp, as shown in Figure 1@ %E 'E@)
| ercani di pi ne crystalline Formof claim25, wherein distanc sz 83

ratios, 5 and 2 8 angles of significgnht peaks in Figure 12 are:

(X)Rel ative |ntenS|ty (1/Io)2 8 angle 9.3359.5 6.04514.7 5. 496516 1
4.655219.1 _4.277420. 8 814123.4 3.7710023.6 3.584424.8 3.542925.2 27. A
met hod of®. ﬂrh@dﬂémﬁ’é qf@l‘ﬂi’é‘rﬁ wihereia lrhysa%@hv)ociqrarén%qw@mwng@epwatﬁr(f@m as

cl ai med 's'? Zf[?'E?Oé}feoﬁbﬁ*c'mstﬁ%tlaﬁQmaé-r ‘?ac@f'nﬁ:a'ltﬁ Bl r'éf@e 206)3@61%‘?91 Cl-&

al cohol ntal ni ng a nmaxi num. o owater (v/v 10 Ccru
| er cani diailartemnedatuoshhoirmlgbemmﬁﬂ‘iﬂ teeprodoge amdixtureef | ux and with stl rring

d | I h I
01 P g e e i S el 386 shARang e Sy Bhemhiites suteator veo
in the crgmesid foq@tbbgm $elyyent is 5 2% and f) recovering the solid

obt ai ned from step e), and drying said solid to_produce the
8. The method of claim 3 wherein the drying in step ) viii) is in an oven at 70°C.

9. The method of claim 3, wherein the washing step c) i) is with water; the mixture
in step c) iii) is concentrated to 1/3 of its initial volume and solvent is added to
produce a susperision having about the same voldme as the initial volume of said
10  mixture; and the water content of said éuspension according to Karl Fischer , is
between 0.1 and 0.15%.
10. The method of claim 3'-, wherein cooling in step ¢) iv) is carried out up to a
temperature within the range of 0-5°C. ' |
11. The method of claim 3 wherein cooling in step vii) is carried out up to a
15 temperature within range of 5-10°C. |
12.A method of producing the crude lercanidipine hydrochloride Form (B) of claim
2, comprising the steps of: | ' |
a) react'ing 2,6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-dihydropyridine-
3-carboxylic acid ‘with a chloride selected from the group consisting of thionyl
20 chloride and oxalyl chloride in an 'aprc.)tic' dipolar solvent and an aprotic polar
solvent to produce thé corresponding carbonyl chloride;
b) reacting, in-situ, the chloride of step a). with 2, N-dimethyl-N-(3,3-
diphenylpropyl)-1-amino-2-propyl  alcohol to vyield crude lercanidipine
hydrochloride; and
25 ¢) isolating the crude lercanidipine hydrochloride of step b) and recovering crude
lercanidipine hydrochloride Form (B), wherein step (c) consists essentially of the
following steps:
i) washing the crude lercanidipine hydrochloride of step b) with water,
i) removing the water from step i') to produce a mixture having a water
30 content of about 2%, measured according to Karl Fischer;
iii") concentrating the mixture of step i) and adding solvent to produce a

solution having about the same volume as the initial volume. of the mixture




15 | ercani di pi ne hydrochloride crystalline Form (I). 02 FEB 2006 60 28. The
nmet hod of claim 27, wherein step f) conprises filtering the solid obtained
fromstep e), washing the solid with isopropanol and re-filtering the solid
before drying. 29. The nethod of claim 27 wherein the al colBd FEB 206ep d)
Is selected fromthe 5 group consisting of isopropanol, ethanol and
anhydrous et hanol. 30. The nethod of claim27, wherein the crude Formis

| er cani di pi ne hydrochl oride crude Form (A), |ercanidipine hydrochloride
crude Form (B) or |ercanidipine cr ude38For m (© 31. The nethod of claim27
wherein said step d) further conprises filtering the io heated solution.

32. The met hogds Qfepcﬂi'?hﬁhzagm%ﬁlem%bgbfb‘?n% & raEseh oif%é'tﬁ/g@ﬁ%@m'

said step e) conprises cooling the solutionto a tenperature tween 30
~and 401C. 33. amdd. Mkt hod of claim 32 wherein said step e) further conprises

stirring,for.a, peLi f tine.of,12-48 hours. 15 34. The nmethod of claim
27 mherngn) 5%90&”5‘39?%5'“%8”8?5%%'5')%%EB%'%Fa?@Edli n an oven. 35. The nethod
accor di ng'\t @ijtetipd FRe2Shlidvdrastep fv'ywhen t he Cl- C5 al cohol is ethanol it

) % b IV'Y

conprises the foll ow ng stePs 2 providing a mxture of ethanol and

| er cahi dVpl e-s1s@epeingdhp gelid oéstep hip apelgent; stirring and cooling to 20C
and addi ' rm.(J); 20 e') further cooling the seeded
m xture 8?) ;t{())ebghgﬂé gﬁs S ?Ur?ﬂr?ﬁ;lsgtggm'lé@he concentration of |ercanidipine
hydr ochl eilil)dfiitetings ahtt edryiny tthe solistsoitalriedatd erodev &Y cride I@aniiginef )
recoveri p\gﬂt hﬁgsr.ol [ of@t ep e') to form |l ercanidipine hydrochl oride Form
(1). 36. YHAOCHOTAES VM E)ai m 35, wherein the ratio of |ercanidipine

hydrochl qBi dthel fneti&d Wieciaim SP2 WeRbrelr) tid GRatling Qberf biek IR ndRtidear gti o i's
wi thin the range of about :

10 temperature between -5 and +5°C.
14. The method of claim 12 wherein the chloride Is thiony! chloride.
15. The method of claim 12 Whérein step c¢) Ii') comprises removing the water
from step i') by azeotropic reflux té produce said mixture.
16. The method of claim 12 wherein step ¢) iii') comprises concentrating sald

15 mixture to 3/4 of its initial volume. | |
17..The method of claim 12 wherein said solvent in steps c) fll') and vi') is ethyl
acetate. _ . |
18. The method of claim 12 wherein the step c) iv') comprises cooling the solution
to a temperature within the range of 0-5°C. |

20 19. The method of claim 12 wherein said step ¢) vi'} further comprises stirring the
suspension at 60-65°C for about one hour.
20. The method of claim 12 wherein said step c) vil') further comprises cooling the 2
solid to-a temperature between 5 and 10°C. |
21. The method of claim 12 wherein said dfying in step viii') is in an oven at

25  approximately 70°C.
22. The method of any one of claims 3-21', wherein said aprotic dipolar solvent is
dimethylformamide and sald aprotic polar solvent is ethyl acetate.
23. Isolated lercanidipine hydrochloride crystalline Form (l), which has the X-ray
diffraction pattern, at wavelength Kga, as shown in Figure 11.

30 24. The lercanidipine crystalline Form of claim 23, whereln distances, (/o) ratlos,
and 2 8 angles of significant peaks in Figure 11 are;



25 .1:4 to 1:6. 37. The nmethod of claim35 wherein said ratio is 1:4. 38.
The nmet hod of claim 35 wherein said step d') further conprises filtering

t he
step e')

heated solution. 39. The nethod of claim 35 wherein cood
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25. Isolated lercanidipine hydrochloride crystalline Form (1), which has an X-ray
diffraction pattern, at wavelength Kg, as shown in Figure 12.

26. The lercanidipine crystalline Form of claim 25, wherein distances, (/o) ratios,

5 and 2 8 angles of significant peéks in Figure 12 are:

D (X) Relative intensity (I/lo) {2 8 angle

9.3 35 9.5

6.0 45 14.7

5.49 65 16.1

4.65 52 19.1

4.27 74 20.8

3.81 41 23.4

3.77 100 23.6

3.58 44 24.8

3.54 29 25.2

27. A method of producing lercanidipine hydrochloride crystaliine Form (N, as

claimed in anyone of claims_ 23 and 24 , which comprises:

d) adding a C1-C5 alcohol solvent containing a maximum of 5% water (VIV) to a
10

15

crude lercanidipine hydro_chloride Form and heating under reflux and with stirring
to produce a clear solution;

e) coaling the solution of step d) and stirring until the conéenfration of lercanidipine
hydrochloride dissolved in the crystallization solvent is < 2%; and

f) recovering the solid obtained from step e), and drying said solid to produce the
lercanidipine hydrochloride crystalline Form (1).




hod of claim42 wherein drying step f) takes place in an oven.
jg mg gt hgd of claim42, wherein the crude Formis |ercanidipine
hydrochloride 20 crude Form (A), |ercanidipine hydrochloride CerZeFEFgr m
(B) or lercanidipine crude Form(C). 48. A nethod of producing 2006
| er cani di pi ne hydrochloride crystalline Form(11), which has -an X—(rjay t
diffraction pattern, at wavelength Ka, as shown in Figure 12, according to
anyone of clains 25 and 26, which conprq(ges: 25 d"') adding ethanol or
i sopropanol with a water content bel ow 10% by wei ght to | ercanidipine

| ' d solution; e"') cooling the
ol Ut on 1" FepLiest 8 daBeheuhorEin siea Ao0Tanes ftedng ol obtied

' hidh RhEE : ' 1SS0 in the
rystal | zat on® g1 SamRY Rg ol RE B Ro BT Petiind e Seld poersauced
~in. step W'D"Qt 0 produce | ercanidipine dgygr_ochl o_r:jdet For(rjqn(; I )b lzlgi:Egh(ZEOOG

' - L |1 | aid step . (

52 50 Thesiet ot oot PERRIRAT WReraif 4R¢ anal of Sispngbin selpcteieiionl nent i n
step d'S) greup bensieting & iaoptopafol, Bthandhehd B ethhabim 48 wherein step

" [ filterin aid _solid and drying in an oven. 5 52. A.rreth_od
I)f ) pfggﬁg:%%Pﬁgn?tg‘P@&ﬁF%m%eraém 6¥udgd-arnyistlericknidépite hya tothoridewhi ch

has an x- ayciFbhm gA%}l@@laQ@n@ﬁg@yg%hgﬁM%?% ggﬁggggggfeﬁga“ﬁgib&{'grgﬁ(@?ngz’
crude ler aﬂW‘d%i ne hydrochl oride or | ercanlndl pi (r)\ei ngirogr;?”sg?vent
ggﬁfgﬁl'%! hiﬁgﬁeﬁtg%g&?@ﬁ% SRR sl sP 8P hiinet conipriser diltagng the
32. The method of claim 29 wherein when the C1-C5 alcohol is isopropanol said
step e) comprises cooling the solution to a temperatufe between 30 and 40°C.
33. The method of claim 32 wherein said step e) further comprises stirring for a
period of time of 12-45 hours. ,
15 34. The method of claim 27 wherein said drying in step f) takes place in an oveh.
35. The method according to claim 29, wherein when the C1-C5 alcohol is ethanol
it comprises the following steps |
d') providing a mixture of ethanol and lercanidipine hydrochloride, refluxing under
stirring and cooling to 20°C and adding crystalline seeds of Form (1
20 e') further cooling the séedéd mixture of step d') and stirring until the concentration
of lercanidipine hydrochloride dissolved in the crystallization solvent is < 2%; and
f') recovering the solid of step e’) to form lercanidipine hydrochloride Form ().
36. The method of claim 35, wherein the ratio of Iercanidipine hydrochloride to

volume of solvent in step d') on a weight volume ratio is within the range of about
25 1:4to 1:6.

37. The method of claim 35 wherein said ratio is 1:4.

38. The method of claim 35 wherein said step d') further comprises filtering the
heated solution,

39. The method of claim 35 wherein cooling in said step ') is carried out up to a
30 temperature between 10 and 15°C.

40. The method of claim 35 wherein the drying in said step ') takes place in an
oven at 70°C,




e"") stirring the solution of step d"") until the concentration of -
Iercanidipine hydrochl ori de dissolved in the crystallization solvent is :5
2% and f"") recovering the solid of step eto produce |ercanidipine Form
(11). 53. The nethod of claim52, further conprising irradiatl AdER .

ul trasound and/or 1s addi ng crystalllne seeds of Form (Il) to step a"").
54. The net hod of clain152, further confising adding up to 60%water to
the solution, of step d""). 55. The nethod of claimb52, wherein the protic
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" under reflux with stirring.

44. The method of claim 42 wherein said step e") comprises cooling the solution to
15 room temperature.

45. The method of claim 42 wherein said step e") comprises stirring the solution at
room temperature for 24 hours.
46. The method of claim 42 wherein drying step ') takes place in an oven.
47. The method of claim 42, wherein the crude Form is lercanidipine hydrochloride
20 crude Form (A), Iercan|d|p|ne hydrochloride crude Form (B) or Iercanldlplne crude
Form (C).
48. A method of producmg lercanidipine hydrochlorlde crystalline Form (If), which
has -an X-ray dxffractxon paftern, at wavelength Ka, as shown in Figure 12,
according to anyone of claims 25 and 26, which comprises:
25 d") adding ethanol or isopropanol with a water content below 10% by welght to
lercanidipine hydrochloride and refluxmg to produce a solutlon
e"') cooling the solution to a temperature between 20 and 40°C and stirring until
the concentration of lercanidipine hydrochloride dissolved in the crystallization
solvent is = 2%, and

30 ") recovering the solid produced in. step e") to produce lercanidipine
hydrochloride Form (It).

49. The method of claim 48 wherein ethanol Is added in said step d™).




colorant, a disintegrant, an excipient, a lubricant, a
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th ati o of For
of claim 7J")Wﬁt’]'“err”glqnth»:—z eso{utlon of step d"") unt|| the concentration of lercanidipine

hydrochloride dissolved in the crystallization solvent is < 2%; and

") recovering the solid of step ™) to produce lercanidipine Form'(ll).

53. The method of claim 52, further comprising irradiating with ultrasound and/or
15 'adding crystalline seeds of Form (li) to step ™).

54. The method of claim 52, further comprising adding up to 60% water to the

solution of step d”")

55. The method of claim 52, wherein the protic polar solvent is an alcoho! solvent.

56. The method of claim 52, wherein the alcohol solvent is selected from the group
20 consisting of methanol, ethanol, n-propanol, isopropanol.

57. The method of claim 52, wherein the aprotic dipolar solvent is N-methyl-

pyrrolidone.

58. The method of claim 52, wherein the temperature of said step d™) is between
20 and 70°C.

25 59. The method of claim 52, wherein stirring in sald step e"™) takes place at a
temperature between 20 and 25°C. :

60. The method of claim 52, wherein drying in said step ) takes place at 70°C.

61.An antihypertensive pharmaceutical composition comprising (1) crystalline

. lercanidipine hydrochloride and optionally other forms of lercanidipine, wherein the

30 crystalline lercanidipine hydrochloride is selected from the group consisting of

lercanidipine hydrochloride crystalline Form (1), lercanidipine hydrochloride

crystalline Form (Il) and combination thereof comprising a predetermined content




m (I is selected fromthe group consisting of 9.1, 7:3 1:1, 3:7 and
Eog (73.[)The i sol ated | ercanidipine crystal Formof any one of clains 236
24, 25 or 26 02 FEB 2006 64 conprising an average particle si zeg ng® %0%8/0
2-8 pmand D (90/Q. < 15 pm 74. The anti hypertensive pharmaceltiTa
conposition of claim®61l wherein said Igg cani di pi ne hydro-_chl oride
crystalline Forms (1) and (l1) each have” an average particle size of D
(50% 2-8 Pm and D (90% < 15 pm 5 Film AMENDED SHEET~

of each crystalline form, and (2) at least one component selected from the group

consisting of a pharmaceutically acceptable carrier or diluent, a flavorant, a

sweetener, a preservative, a dye, a binder, a suspending agent, a dispersing

agent, a colorant, a disintegrant, an excipient, a lubricant, a plasticizer, and an
5 edible oil. '

62. A unit dosage form comprising the antihypertensive pharmaceutical
composition of claim 61.

63. The unit dosage form of claim 62 wherein the dosage form is a lercanidipine
immediate release dosage form.

10 64. The unft dosage form of claim 62 wherein the dosage form is a lercanidipine
sustained release dosage form.
'65. The unit dosage form of claim 64 wherein the dosage form comprises a
lercanidipine immediate release phase and a lercanidipine sustained release
phase. '

15 66.-The unit dosage form of claim 65, wherein the composition comprises 0.1 to
400 mg lercanldipine hydrochloride.,

67. The unit dosage form of claim 66, wherein the composition comprises 1 to

200 mg lercanidipine hydrochloride.

68. The unit dosage form of claim 67, wherein the composition comprises 5 to 40
20 mg lercanidipine hydrochloridé. '

69. An antihype}'tensive composition comprising predetermined amounts of
lercanidipine hydrochloride crystalline Form (1) and lercanidipine hydrochloride
crystalline Form (1) ,
70. The antihypertensive éomposition of claim 69 wherein the lercanidipine
25 hydrochloride crystalline Form (1) has a rhelting point of about 197-201°C and the
lercanidipine hydrochloride crystalline Form {I) has a melting point of about 207-
211°C, when said melting points are determined as DSC peaks.
71. The antihypertensive composition of claim 69 and 70, wherein the ratio of form
(1) to form (I1) is between 1:9 to 9:1.
30 72. The antihypertensive composition of claim 71 wherein the ratio of Form (1) :
Form (ll) is selected from the group consisting of 9.1, 7:3 4:1, 3:7 and 1:9.
73. The isolated lercanidipine crystal Form of any one of claims 23, 24, 25 or 26
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comprising an ayérage particle size of D (50%) 2-8 pm and D (90%).< 15 pm.

. 74. The antihypertensive pharmaceutical composition of claim 61 wherein said
lercanidipine hydrochloride crystaliine Forms (I) and (ll) each have an average
particle size of D (50%) 2-8 ym and D (90%) <15 ym.
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