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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-nitrophenyl)pyridine-3,5-dicarboxylate) 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
recqmmended 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



2 conparison to other cal cium antagonists, lercanidipine is characterized
by gradual onset and |long-lasting duration of action despite decreasing
pl asma | ewelos/o14os4 vitro studi es show that isolated rat a®ecrTEPIzesonse to
hi gh K+ may be attenuated by | ercanidipine, even after the drug has been
renmoved fromthe environment of the aoytic tissue for 6 hours. 5
Lercanidipine is comercially available from Recordati S.p. A (Ml an,
Italy) and has been described along with nmethods for naking it and
resolving it into individual enantiomers in U S. Patents 4,705, 797;
5,767,136, 4,968,832, 5,912,351; and 5,696,139. A process for preparing
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that isolated 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
enantiomers 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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» Lercanidipine
(1): xylene at reflux; (2): toluene, 85°C; (3) HCI +CHCl5; 0°C; (4) HO-CH(CH), 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



OCH3 (4) . Lercanidipine (1): x 4ene at reflux; (2): toluene, 85C (3)
HO +CHCI 3; 0C, (4) HOCH(CH3)2 at reflux 10 Crude lercanidipine is an oily
resi due twetodfu®s4 be purified by flash chromat ography usiPeE/EPY/a8604 or m
contai ni ng increasing anmounts of acetone, as the eluant. The solvent is
then evaporated to dryness and remai ninng residue is dissolved in nethanol
adding a small excess of hydrochloric acid in ethanol. After evaporation
of the solvent, the hem -hydrated WD 03/ 014084 PCT/ EP02/ 08699 3

hydrochl oride salt is prepared by treatnment with diluted hydrochloric acid
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and subsequent esterification of the obtained acid chloride with 2,

N- di met mpimexpys3redtments with different solvents. Finally, the purification and isolation steps are

difficult to perform on an industrial scale because of the necessity of purifying the product
by column chromatography.

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
proéess 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.



15 di phenyl propyl ) - 1-am no- 2-propyl al cohol at a tenperature between -10
and 0OC. The process yields |ercanidipine hydrochloride in an anhydrous
non- hygr o®oapiocs084 ystal line form and avoi ds the fornati eaTaEPoussNt ed

by- products and the subsequent purification on chromatography col ums.
However, the isolation of |ercanidipine hydrochloride in crystalline form
Is again 20 quite conplex. After evaporating the solvent fromthe reaction
m xture and dissolving the residue thus obtained in ethyl acetate, the
solution is washed first with brine, then washed further five times with a
10% sol uti on of sodium carbonate, five times with IN hydrochlorjc acid,
and event ual IThemiore, thges is aweedinithg aré foramrosse iardbelplﬁmrﬁémoﬂ lgwenigipine
Therefore, there is a need in the art for a process for the preparation of
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appearance (e.g., color), nelting point and solubility. This raised issues
as 10 t obsemertiverofdbe mreltmegspoinfbelienedity barrharaeteristic otitheisplid proguetebtaisedrade
(e.g., toregulatory authorities) that the product is always the sane.
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differences in bioavailability in animals, and differences in crystal
size. | Pna}ul}gstciﬁ%’eéx%ﬂgly ruﬁﬁl‘?:ﬁfcfalﬂi}pgpﬁegﬁng (and disappearing) differences in one or
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.

Further research by the present inventors revealed batch-to-batch differences 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 polymorphsi 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



causes of the variability problem the inventors surprisingly discovered
novel | ercanidi pine 15 hydrochl oride pol ynorphs. They al so di scovered nore
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| er cani di pi ne hydrochl oride products fromthe reaction mxture. It was
surprisingly determ ned that Iercanidgﬁine hydr ochl ori de shows pol ynor phic
features and crystallizes into different crystalline forns depending on the
process followed and on the solvents used. Furthernore, the isolation of
each of individual 20 crystalline pol ynorphs has becone possible, thus
decreasing the possibility of batch to batch variability of |ercanidipine,
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| er cani di pi ne hydrochl ori de and processes for nmaking them In one

enbodi nent, the invention provides novel crude |ercanidipine hydrochloride
For m5( ASUMMARYIQE THEIANVIENTHONNt of about 150-152C (DSC peak) and
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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 oi)tain each crude form in isolated form.

In a further embodiment, isolated lercanidipine hydrochloride crystalline Form (I) is
provided which has the following X-ray diffraction pattern, at wavelength Ka wherein
distances between peaks (D in X), relative intensity ratios (I/Io) ratios, and angles of

20  significant peaks (20) are:



15 hydrochl oride Form (A) and crude |ercanidipine hydrochl oride Form (B),
maki ng possible to obtain each crude formin isolated form In a further
enbodi nerwp o3®olost ed | er cani di pi ne hydrochl ori de crystal | iPo@/HPo2/08609 ) i S
provi ded which has the followng X-ray diffraction pattern, at wavel ength
Ka wherein distances between peaks (Din X), relative intensity ratios
(I/10) ratios, and angles of 20 si gni6ficant peaks (20) are: WO 03/014084
PCT/ EP02/ 08699 6 D (X) Relative intensity (Uo) 2 8 angle 16.3 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 The
| er cani di pi ne hydrochloride crystalline Form (l) has a nelting point of
about 9/7-201T C, when salfd .nelting .pojni. 1 etermned as DSQ peak. In an
al t er na (’X emhaodi nent . i <ﬁ?l,a-lﬁl‘r{\enln eg?‘n%éhﬁm pﬁag aﬂ'gl rochloride {;rf]st alline
Form 5(i6ld) is provided, [ghich has the fol ljewi ng X-ray diffrajction

pattern T wavel engtn Ka, 7’;\5 shown wher er 1 stances, (I/To)|ratios, and
20angﬁ_af_sj_gn.i_£.i_:;am_ ; = | | U o 2 0 angl e

9.3 35 U 6.0 45 14.7 %5299 65 16. 1 18.6
4.10 63 21.7
4.06 36 21.9
3.90 100 22.8

The lercanidipine hydrochloride crystalline Form (I) has a melting point of about
197-201°C, when said melting point is determined as DSC peak.
In an alternative embodiment, isolated lercanidipine hydrochloride crystalline Form
5  (II) is provided, which has the following X-ray diffraction pattern, at wavelength Ko, as

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

D (X) Relative intensity (I/Io) |2  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

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

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



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 The | ercani di pi ne hydrochloride crystalline Form (Il) has a nelting
poi nt of wWb®miwi4080 207-211 C, when said nelting point is aer@Erat/ossgd as DSC
peak. WD 03/014084 PCT/ EP02/ 08699 7 The present invention thus permts
obtai ning m xtures of FormI| and Form%l| having a predeterm ned and

r epr oduci bl e content of each form and optionally, also other forns of
_ler_cani di pine, such as.anorphous. Al so provided are nmethods of syntheses
in which each of isolated |ercanidipine 5 hydr ochloride crystalline Form
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Al so provided are pharmaceutical conpositions conprising (1) crystalline
| er cani di IppP¢RserIine rgpioduciblectontsnt efrrach yorot, ked optienadlyolse etherdormis pf ne,
such as anorphous, wherein the crystalline |ercanidipine hydrochloride is

sel ect edercamdipides sywhaispmbéphoansi sti ng of | ercani di pi ne hydrochl ori de
crystalline Form (1), lercanidipine hydrochloride <crystalline Form (I1),
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crystalline form and (2) at Ieast one conponent selected fromthe group
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Also provided are pharmaceutical compositions comprising (1) crystalline
lercanidipine hydrochloride and optionally other forms of lercanidipine, such as
amorphous, wherein the crystalline lercanidipine hydrochloride is selected from the group

10 ‘ consisting of lercanidipine hydrochloride crystalline Form (I), lercanidipine hydrochloride
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  excipient, 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



15 excipient, a lubricant, a plasticizer, and an edible oil. In certain
enbodi nents the aforenenti oned pharnaceutical conpositions are provided as
a dosage woroaiocospri si ng | ercani di pi ne hydrochl ori de crystalr/EPazodeer m (1)
or Form (Il) or a conbination thereof having a predeterm ned fornul ation
of each crystalline Form 20 In further enbodi nents, the invention also
provi des for nethods of treating a subject with arterial hypertension, the
nmet hod conprising adm nistering a therapeutically effective anount of

| er cani di pi ne hydrochloride crystalline Form (1), |ercanidipine WO

03/ 014084 PCT/ EP02/ 08699 8 hydrochloride crystalline Form(I1), or
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ef fective anount of |ercani d| p| ne hydrochloride crystalline Form(l),

| er cani di pi nentojitr sotbodimianis, emyesthed bf teatingromptaventingatheroselpretie ilesinstiher eof
conprising a predeterm ned anmbunt of each form to a subject in need of
such tr exsferienof alsubjecteiseproeidedsihechethad Subpsisihg admimeetingfa themptutallyi s a
manmmal . Most preferably the subject in need of treatnent is a human. 10
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of ordinary skill in the art |ght of the present descri ption, clains
and figyr BE%I ;N%% : DSC
anal ysi sli’l gfaorcpﬁe S on cfé-%I?: orm }é\fl g%g%lrd H%Mgi%ﬁeggé'@n%r ki ng
condi tions des d in Ex r di he flLow in

amount o eac rm to a sul ct m%l%ed -cI)_P Such trea %\ &I{]pl’e er}'ee aspecé%t a subject
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
(D and Form (II), respectively, as described in Example 13. The abscissa indicates

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



mN and the abscissa tenperature in C Figure 2 is a graph of DSC anal ysis
carried out on crystalline Form (11), according to the working conditions
descri bedwprsx@spl e 12. The ordi nate indicates heat fl owPCA/EPndMsEnd t he
abscissa tenperature in C. 20 Figure 3 is a graph of the results of the
t hernmogravimetric tests carried out on Form (1) and Form (I1),
respectively, as described in Exanple 93. The absci ssa i ndi cates
tenperature in C and the ordinate indicates percent nass, variation. WO
03/ 014084 PCT/ EP02/ 08699 9 Figure 4 is a graph of solubility at 25C of
Forms (1) and (I1) in ethanol at increasing water concentrations. The
experi nments af; Cidl N A &H i.n i1 NGhiy C:at 0
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solubility expressed as w and t he “absci wat er |

ethanol .. 5 Fi.qure 5 is a graph solubility at 40C of.Farns (1) .and (I1)
in et haﬁg?re%\st‘gg i%aé?’reg\%rfcﬁﬁgwé’?%r ﬁl&% BRSPS oHE defﬁ%%e%eg’t gxﬁlpgﬁedégtr' ed in
Exanpl e 15, The ordipate .indicates % solubility expressed as ww and the
absci ss®r9inals micelrt “ofolybilirexprestadasiviw amd thgebsassa o Ry Weight QVvalgdBt ra in
solid phase of crystalline Form(1). The signals and attributes of the
correspathtinely carbon atonms can be found in Table 4. 10 Figure 7 shows 13C
NVR spectra in solid phase of crystalline Form (Il). The signals and
attrisbut es ofFiglee §0isr £ ppaphdom golabilipat aeCTfCRemRe(Tf @td (1) Nin Téthared] Sat
Figure 8 shows IR spectra of Form (1). The signal and correspondi ng

attri but; f i Ej ct : m
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indicates % solubility expressed as w/w and the abscissa % by weight of water in ethanol.

Figure 6 shows >*C NMR spectra in solid phase of crystalline Form (I). The signals
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 (II). The signal and corresponding attributes

15  can be 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 capsule. 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 Ko of crystalline

Forms (I) and (II), respectively. The distances (d) in X, the (I/Io) ratios and values of 260



Figure 10 represents percent average concentration of |ercanidipine
hydrochloride in dog plasma after admnistration of crystalline Form (1)
and of crwetoaloi408e Form (11) in an armount of 3 ng/ kg, | nPCAEPIDOSEIDI a
hard gel atin capsule. The ordinate indicates the nean val ue of
concentration in plasma and the abscissa indicates tine (in mnutes). 20
Figures 11 and 12 show X-ray diffracti'on spectra at wavel ength Ka of
crystalline Forns (1) and (lI1), respectively. The distances (d) in X, the
(U o) ratios and val ues of 20 WO 03/014084 PCT/ EP02/ 08699 10 angles of the
nost significant peaks can be found in Tables 1 and 2 bel ow. The ordinate
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angles. .Figures 13 and 14 are_ plots of percent mass change as a function

of tinme {jcatd¥ HeQrmMRl 6F é&m&ﬁs%%%n&ﬁ{erabﬁgssg%o@%g Q%frﬁgs 6820 (1) of

| er cani di pi ne hydrochl oride, 5 respective I nate nst he | eft

i ndi cat es per S es d the ordinate on the right percent,

rel ative hum%ﬁﬂées”?%gné@_ s %?snaf perpet ~@F§§egl}aﬁgﬁiaﬁu% jé“?ct*?ﬂé)%tr“ﬁ? dBol for
t he hygroscopicity tests are descrijbed jn Exanple 14. Figures 15 and 16
Show X- r BYEFRCPPIFILE 555, carsied i 91 FEveI(Bngich (kb obrlersanidiping By draplonies no
hydr ochl ori de Form (A) and of crude | ercani di pi ne hydrochl oride Form (B),
10 r &spetsspegtively. [Fihgwrdinate pngthel lefBindivates Rarvent mpsscehangesf andr thel erdinate on

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

hydr ochl the iright pepcemt (dRativerlampidity; the blyscisshiitcated @infy G Madubes. TRPPOHROL for Ranan
units and the abscissa represents wave nunber (cm1l). Figures 19 and 20
show t hegg @pstbicopRityttéies ﬁ@g@mg@ﬂmﬁﬂwl@nal ysis carried out on 15 crude
| er cani di pi he hydrochl oride Form (A) and on crude | ercanidi pi ne

hydrochl ori dq"“ig L zfglulrée <Iinf%%%%gt-ﬁ?e&ffréc%ohhs%sé&rg 'a uv(faevsélentgﬁxeK%bgtc truad

i ndi cates tenp an

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 ordinate
represents Raman units and the abscissa represents wave number (cm™).
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 forms of
lercanidipine hydrochloride and processes for making them. Applicants have determined
that lercanidipine hydrochloride exhibits polymorphism and crystallizes in different forms

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



ordi nate indicates percent mass variation. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 20 The present invention discloses novel crude forns and

crystal |l iwe oBor4vs4 of | ercani di pi ne hydrochl ori de and pr o®€TgePe2/688p9 maki ng
them Applicants have determined that |ercanidipine hydrochloride exhibits
pol ynor phi sm and crystallizes in different forns depending on the process
foll owed and on the solvents used, esdécially for crystallization. WO

03/ 014084 PCT/ EP02/08699 11 Additionally, the various novel forns have

di stinct chem cal and physical properties and bioavailability profiles in
animal s, including nman, as discussed herein. __ The novel nmethods for

pr eparat) .of .crude of |ercam di pjine dr r ).d . S f

hi ghl y toRalis S veions Payel foish Vep‘?%‘*&lfg%ﬂ%‘ﬁ“’%‘}f 592%@355%’#@@*@% 5
conposi tions_of_I|ercani di pine hydrochl oride., The t hods advant ageously
produce bmweﬂala}l%@oglﬁﬁ melsdﬁéuggg 1RA0, ﬁ%@égﬁﬁe@‘q%r% hydrochl ori de whi ch
al so exhibit characteristics desirable for industrial applications. Crude
Fornms (A) andheBnoved. methodsxfor turepanitipwe pf cawleudsi lerqapidipide fhydrashlogidgiarg r at es
conpared to other crude forns of |ercanidipine hydrochloride that have

pr evi oughitatieeforr Bighlyt eshroducible doaim@rcial)scaled ptodhctionr tofiereppdduoiblel Golid
sinplified crystallization procedures to be used for production of novel

: 28: gz ggo%ﬁﬁ@ﬁ ;bﬂgarc%a%irﬂi Og«iﬂ)&fl&?&g OTRd ARMHIMS b @FRtREbEEy PfUﬂﬁcé‘ﬁ(Y@l

sta er cani di pi ne hydrochl oride 'of the present
[ ti b t.ai . i.di ni ' de F A
and (B B Torms QY aE] of IRAidiiAR B oBbitar SHAURC LU, Fratafitert, §
d F I'l). Either of 15.isol at F I ' ted Form.(I1 b
Fepr odudeBrplBPRIHBETR GARiGEoNR) Gride (Ertns (SR B8 bt TS he

crystal lization conditions as described below. Forpms (1) an o
solubility and faster drying rates compared to other crude forms of lercanidipine

hydrochloride that have previously been reported. Crude Forms (A) and (B) further allow
10  simplified 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 (II) may be reproducibly obtained from the (A) and (B)
inteimediatés by varying the crystallization conditions as described below. Forms (I) and
(IT) may also be obtained using other starting materials. Both of Forms (I) and (IT) 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)



(I'1) may al so be obtained using other starting materials. Both of Forns (1)
and (I1) may be obtained using, for exanple, crude |ercanidipine Form (C)
as startiwgogmissd al, as described herein. Form (I1) nayPeargroescobt ai ned
using Form (lI) as starting naterial, as described 20 herein. Both

| er cani di pi ne hydrochl oride crystalline Forns (1) . and (11) exhibit good
stability. Form (l) is characterized B¢ a paler yellow color, snaller
crystal size, higher solubility in aqueous nmedia (all conpared to Form
(rr)), and a nmelting point (DSC peak) WD 03/014084 PCT/ EP02/ 08699 12

wi thin the rage of about 197C to about 201C, nore specifically, about

198. 7C, and the X-r iffraction Jern set forth, supra. - Form.(ll) is
chat act SRR dhepipes o abatiogh e i ab BRI G Pt Shec iyl 18776 idsbe
slightly lower solubility in aqueous nedia (all conpared to Form (1)), and
a nel ti mgrpodifitaction ppsan selfRythydupta n t he range of about 207-211 C, nore
specifically about 209.3C. Both Form (l) and Form (l1) are stable. FormlI
exhi bi t ed hi gloes () dsi¢hdrhetbiizadtly a moré prondacedayetiowasla|, fagaramystajwizeal ent
to forml in man, showi ng a higher plasma concentration (AUCo-t) and a

del ayed gfipipRy RiwerRBSIuBUAY GPRGRBES MbdidTall thBY¥ared 49 FBAA €0), lafd afREIfhE pbint 10
Previ ously Known net hods for producing crystalline | ercanidipine

hydr @chl aride . were inconsi skent . i Qduci ng | er i di pi rochl ori de
¢ hSpr (RC R R e ARES BEA ar BLPC oS BIRa et B aXC Dhe
previ ously known _net hods had t he undesirable_ property of producing.
| er cani di pi nd3aty Gewe kD end dermyly ateastabley, Farmy IT exbybiterighes broguatabgity in
properties, frombatch to batch, even anong bat ches produced by the sane
pr ocess tndogb andideas the mameqeivalditt foodierm Thin prass showingyerigher plasma
di scovered that the source of

concentration (AUCo-t) and-a delayed time of maximum concentration (tmax), compared to

Form (I).

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  (I) and (II) that represent crystalline forms of lercanidipine hydrochloride of a purity and
uniformity that has not been obtained with previously achieved solid forms of lercanidipine

hydrochloride.



i nconsi stency exhibited by the previously known nethods of producing

| ercani di pine hydrochloride is the presence of varying and unpredictable
anount s ovoosstsd | i ne | ercani di pi ne hydrochl ori de For m @CI)EP01/686eDNt r ast
to previously known nethods of producing |ercanidipine hydrochloride, the
i nvention provides the novel crystalline Forns 20 (I) and (I11) that
represent crystalline fornms of |ercanildi pine hydrochl oride of a purity and
uniformty that has not been obtained with previously achieved solid forns
of | ercanidipine hydrochloride.” WO 03/014084 PCT/ EP02/ 08699 13 The purity
and uniformty of Forns (1) and (II) allow for increased ease in

production of Thenealy dhdRfeHRSRAT F &{I{EBQ) sucﬁg affo forrﬁﬁ&%aﬂ(éﬁeé\dséqhy

defi ned physi co- chem cal characteristic exa , Increased

uni form a m.croni zation a epr oduci bl e
sol ubi I i I§F18‘1tfb°?‘n‘:§sft i("fc)aﬁ‘ﬁ#ﬂn"( f‘?ﬁ}a%S 8‘8“%9%\7 e C8- dB%rﬁg%‘e‘f%an“De&P‘f% B

pr eci Selnéledefi n&‘d phar macol ogi cal _characteri stics, ., bioavailability,
conpar e aGtaristicss el a8, dos &éémf’]@r Bcreassd W&fqr@éFYf pb paRiglec ize o-
batch in thel r physico-chem cal characteristics. In a human study in man,
wher e t hiollpwingnmicrenizstion ahd Inere seriradysitie solebidity. aBeraws@arid €f) asnproviger at i on
of a single dose of either |ercanidipine hydrochloride Form (1) 10 or

(1) 5 Fodosugd ) fohasl withhaidrer pidcisely ndefidbéi pharehatbblogidalXi dRaMcERRESNt B.gLi on in
pl asna, relative to Form (11). Hence, Form (1) is nore suited for inmediate

rel ease figgvathitity) 8smpared t¢l gﬁe@%sfyoédmeveﬁdegag%%nﬁ@ﬂﬁt %ﬂé’&’ ﬁoﬁ%{g&mi&-)

showed a hi gher bloavallabl ity, relative to Form (1), I's thus suited

for use ]% @%lciﬁq%énoéﬂﬁgo cﬁja ﬁﬁlecﬂa?e{c)%ﬂsﬁéé ons and dosage for m; Accordi ngly,

t he avai pure or ne (rn) prow des for the ability to

bl end the 15 two into do a e for E P contrqlled
charact eri st ilBs? unaﬁii Ognddgan W the plasma levels lercanldlpme were

assessedafter administration of a single dose of either lercanidipine hydrochloride Form (I)
10 o or (D), Form (I) had a shorter time in obtaining the maximum concentration in plasma,
relative to Form (II). Hence, Form (I) is more suited for immediate release formulations
and dosage forms. From the same study, Form (II) showed a higher bioavailability, relative
to Form (I), and is thus suited for use in controlled release formulations and dosage forms.
Accordingly, the availability of pure Forms (I) and (II) 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. InA 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



formwi th both a rapid onset and sustained biol ogical action. As used
herein, the term"crude fornt refers to precipitated solid forns conprising
crystal s wb oa/ocwspound t hat have not been washed and/ or recmyEPpabdepzed to
remove inpurities (including but not limted to solvent) that may be
present. In the present 20 specification, the crude forns are referred to
as Fornms (A) and (B) of |ercanidipinel4dhydrochloride. As used herein, the
term"crystalline fornm' refers to crystals of a conpound that have been
washed and recrystallized to renove inpurities. In the present invention,
the WD 03/ 014084 PCT/ EPO2/ 08699 14 termcrystal i ne forms -refers to Forns

P e e I

used herein, the term "pol ynor phi sn1' refers to a property of a corrpound to
5 cryst afylst'aﬂmei formsvhave amBIPE.CH murity XW9.5 %diant irextdual solueits cestent Tdfe< 306G er ent
crystalline forms can be detected directly by crystallographic techniques
or indirectly by assessnent of differences in physical and/or chem cal
propertPB‘%l associated wth each particular polynorph. As used herein, a
"subject in need of treatnent” is a manmalian (e.g., human) 10 subj ect
suffering frdmusederain,ske dérmd&nadympiphisny hesfararte iaqubpertyc of dicompound the
treated, e.g., essential hypertension, secondary hypertension, isolated
syst®ol i Crybtﬁhizetiﬁrtwiowr morofoansimith distiict stucees.e The. differeath tyBtallingt falthe

angi na, nyocardial infarction), congestive heart failure. A subject in

need of ¢4 BatdsRidted Qfredlyt BY Icglstdmg%hi%nﬁebﬂﬂqﬁ@yopﬁadl@@tw byl SeddmeAdoet hods
wel |l known in the art such as, for exanp by direct meaSurenent of bl ood

Pressur gl R in physical and/or chemical properties associated with each particular

polymorph.
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 ambulatory
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 described 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)



15 for exanple, a manual sphygnonmanoneter, automatic/electronic devices or
anbul atory bl ood pressure nonitoring. The present invention contenplates
any met howotohat4osmy be used to produce the novel crude f®@CWEP0L/08699

| er cani di pi ne hydrochl ori de described herein. These forns have different
physi co-chem cal properties, e.g., nelting points (which can be determ ned
by 20 DSC anal ysis), than the crude foldm of | ercani di pi ne hydrochl ori de
produced by other known nethods, e.g., by the nethod described in U S
Patent No. 5,912,351; ternmed Form (C). Form (A) has a nelting point of
about 150C to about 152C (DSC peak), Form (B) WO 03/014084 PCT/ EP02/ 08699

15 has a,nelti oi nt ab Cito C K Form (O
has a nBi% Pﬁﬁeqﬁﬂg ergfoqja@é?ﬂflf%gég%ot 6"%‘62@3 u(;d}zﬁ%%(cﬁé%%g’gcﬁ?oﬁég?%ﬁ fal |y,
thernogravi netric studies show that Form (A) conprises 3 - 4 %residual

et hyl acuetelting eint df@bont(189°C troahont ERECEDSCheakio Additionadly, thetydgravdmetitce, by
wei ght. Conparatively, the residual solvent 5 present in Form (C) has been
det er m ng@dfe® sBOwWOHHRAt F¥rmASDesdmprivks Bhe 4 vy eBdidaN @hyl abct€ bd Romp(B)Cesses
for the preparation of |ercanidipine hydrochloride, each resulting in a

e g8 7 A R, i b it

ei t her crud ormare i rea

6- di ngt hyl - 5- met.hox rbonyl s4-(3-nitro 1)-1,4- 10
di hydt op F’F%ﬂtﬁb-mg‘ﬁﬁ@&%g‘&dﬁi%mﬂn‘%&i’ﬁ@%g%as descri bed in German patent
DE 2847 237) wth thiqgnyl chloride or oxalyl chloride in a mxture OtI an
aprotic di pol Aspasty \adnthea pavegtion rare adirestede thoprpcessss okt the oPigpapHOR ©
chl ori de compound, and (b) in-situ reaction of the chloride obtained from
t he aboviersneiiping hiyd@chiNride,rmach yésulting (i8 a3difffepsme axide rfopy of the proitwes- STher opy |
al cohol, at a tenperature preferably between -5

first two steps in producing either crude form are identical and are:

(@ reacting 2, 6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-
10 = dihydropyridine-3-carboxylic acid (prepared as described in German patent DE 2847 237)
with thionyl 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,



15 and +5C, in a mxture of an aprotic dipolar solvent and of an aprotic
pol ar solvent. In a preferred enbodi nent, the m xture of an aprotic dipol ar
sol vent awo oofo14as4 aprotic polar solvent is ethyl acetatePam@P02/08699

di met hyl formam de used at a ratio of 4:1. After the in-situ reaction, the

| er cani di pi ne hydrochloride is isolated and recovered fromthe m xture.
The nmet hod of isolation used determ nek the crude formof |ercanidipine 20
hydr ochl ori de obtai ned. Follow ng the protocol below (a protocol) yields
Form (A): i) washing the m xture of step (b), preferably with water, WO
03/ 014084 PCT/ EP02/08699 16 ii) renoving water fromthe reaction m xture

of step i), preferably.b zeagtropic distillation under yacu 00- 300
g ot & {enfibr at GREVR ST ansn ooy el of a0 SoENMISRly B
concentrating the m xture of step ii) preferably to about 1/3 of fhe
initial 5 vor4sriope disidlatiopamden e at 280, punHg al & temperaireybeloyy |
adding fresh solvent (e.g., ethyl acetate) preferably to obtain the
initial vol unghout HORE @Eixferabliyray 46-5080xpensi on with a water content, as
determ ned according to Karl Fischer (U 'S. Pharnacopoeia 25, Method 921)
preferably beﬁigeencd}lcé;ﬁraﬁﬁ the HE%urd 6 sepal)i prefeiadly soalRnSl/Pof dlic afiggl i)
preferably to 0-5C; 10 v) filtering the solid of step iv); vi)

re- suspendi ngv%lgl_‘ﬁggdg |eSsaftfe éﬁﬁ)@rla“%re%ﬁf}gén Qlle}’asiiﬂcsg%{]?ﬂa,g @%%s@@&véﬂti rring

preferably at or abou our; Vil) -10C, filtering

d dryi h bt ai ped i.d | . b .
22con(rzlylppgcfasée'%o’Pte@:yg?ag‘?:t%% Ilﬁgégab otBIr(g)ﬁ%Ee vg#jl}%aa? B‘Soim?lg’t Sé(g]%l?tﬁe %Isglieng

t he

suspension with a water content, as determined according to Karl Fischer (U.S.
Pharmacopoeia 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:
1) washing the mixture of step (b) preferably with water,
ii’)  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



follow ng steps: i') washing the m xture of step (b) preferably with water,
i1'") removing the water fromstep i') preferably by azeotropically

ref | uxi ngwohg/o14esoduct. of step i') with a Dean Stark app&CatEpe2/e8spe| a

wat er content of about 2% neasured 20 according to Karl Fischer, is
obtained; iii') concentrating the m xture of step ii') to preferably 3/4 of
the initial volume and adding fresh sl vent (ethyl acetate) to the mxture
preferably until (1) the initial volume 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; iv') cooling the solution-of step iii')

V)5 kgt 8t L8 LG erd dnbfhore'aetenilg IR PR B ne@ﬁ%ﬂ%f

acetate fﬂg st'brr.i g at preferably 60-65C for about 1 hour; and vii'

cool i ng {h& 8 pon of step vi') preferably to 5-10C, filtering and
drying the solid obtained, preferably in an oven at about 70C. The

t enper at ure ofV’ st eporaking'the sphdign@f Biep dia) prafetahlyde 9t 3°61 th ebitain a ®ITOC t o

maxi m ze 10 yield. These novel crude formnms of |ercanidipine hydrochloride
present the adyant filjerimgy the bolghefistepal/Ypi l ity and faster drying rate conpared
to Form (C) and nake a sinplified further crystallization process possible

(whi gn can adyant agegidpdndidderhs! SAH $Ost8Y $1PrSfefaBlyinl dthyl Ucetaleind stilring at
Conpared to thlg)ncr ude Torm produced bf/i{tﬁeeyrrrgt ho}g}nof ¥J §e Igatenst mga15

5,912, 35], %ﬁﬁ?g 1635 PorRBb thdisendf | €ss solvent to recrystallize the
ﬁe 'S a?so ’

conpound.

vii’)  cooling the suspension of step vi’) preferably to 5-10°C , filtering and drying

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. Additionally, 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,



i ncreases yield by reducing | oss of conpound. Additionally, the nethods
used to produce these crude forns are nore adaptable to use in a large
scal e setwprg/oanss commerci al setting. It has been surpri siPagiBrot/asspdl t hat
each of crude | ercanidi pine hydrochloride Form (A) and Form (B), when
undergoing different purification treatnents, result in two novel 20 and
different crystalline forns of |ercanildi pi ne hydrochl oride. Studies

i ndicate that these novel crystalline fornms have different physical and
chem cal properties. DSC analysis of crystalline Form (1) indicates that
it has a nelting peak of about 197C to about 201 C, WO 03/014084

PCT/ EPO bdch anal ysi s r.ystalline
Form (1 %Qﬁﬁgﬁlg ang%uts ? %8;? (’}#d aﬁ‘ﬁ%ﬁ P?gﬁrsglgieng%gg?j Q@o@ G% @#d’ygﬁfoﬁt 211
C, specifi caIIy about 209 o3 - purification process (y process), that
| eads t d¢lHREREKSE abgut 20E°Gto @b?élt %bl?@p spegifigallnpbaun 209.37Gs (Form (1))
conprises the following steps: 5 Process for Making Form (1) d) adding

i sopropanol- tQnecpurifizatien peovesk (4 pcésg)] rthatHbalsi tdefothgticn 6LbnO bf By fovel B) )
and heating under reflux with stirring to produce a solution (if the

sol ut i Orerystali¥ fofth€@Form (1)) cSMBHAA tRefollotiy&shot ) ; e) cooling the sol ution
of step preferably to a tenperature between 30 and 10 40C and stirring

for pas, bly between 12 and 48 hours to produce a

_§ Arabess fur Making H'o solid obtained fromstep e), washingthe solid
V\nthlsoprop efllterl the O|Id an he solid (e.g., in
an oven) at pref e?%(iﬁ’% lsf’@f?pF‘B? B‘Hamg’ﬁ’ Clﬁ@‘{fﬂ’@?‘éiea@ 15@) Qekor 2_ 48

hours. 15 Crude Form (C) may be aI so be used as starting materlal in step
d). In $BYrendjegting under reflux with stirring to produce a solution (if the solutlon is not clear,

it should be filtered hot);
€) cooling the solution of step d) preferably to a temperature between 30 and
10 40°C and stirring for a period of time preferably between 12 and 48 hours to produce a
solid; and
D filtering the solid obtained from step e), washing the solid 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,
howéver, there is the risk of decreased yield of product because the solution should be

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

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

lercanidipine HCl. Other alcohols may also be used as the solvent in step d). An
20 alternatively preferred solvent is a C;-Cs alcohol containihg 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.



however, there is the risk of decreased yield of product because the
solution should be filtered hot, resulting in the increased | oss of

| er cani diworead/olpss ochl oride in step d). In step e€), crysPallEPAZos60N | S
consi dered conpl ete when the content of the solution is <2% | ercanidi pine
HCl. QG her alcohols nmay al so be used as the solvent in step d). An 20
alternatively preferred solvent is a GP-C5 al cohol containing a maxi num of
5% water, e.g., anhydrous ethanol. Crystalline Form (l) may be added in
step (e) as seeds to further  pronote crystal formation. WO 03/014084

PCT/ EPO2/ 08699 19 Alternative Process for Making Form (1) The present

appl i cat ARGAtve Precise R MiBas Fordl @ Nati ve met hod of producing
| er cani di pr ne nyadr ocnl or1 d'—ﬁ'EV'I'ng‘(gfystal line Form (1) which corrpri ses the

steps of - d a cru e l.ercani hydr,ochl

preferably at%he ggése& %ﬁ)? ? ° 8 6“18?“’? @chlﬁqprﬁarq Fn%‘ h&‘?a %fom fige

sol vent _of 1: 6, . NMPS preferably 1:4, refIUX|ng under stirring in
order t deraﬁmém%hmﬂwﬁ%emgm@%mﬁqmn whighcomprisgs the stepsrful d
preferably be filtered hot), cooling under stirring, preferably to 20C, and
adding crystd) | i reddingegthansl Foremde )lercenidiping| hydgchheidee quiefrabixtair @ of
step d'), preferably to a tenperature between 10 10 and 15C, and stirring
at thi s weightérohime eatfoosf larcpeidiphet hydrbchierigy sdleenif Y : DS VEE hod prRPabl§ 6
hours to forma solid; and f) filtering and drying the solid o? step e'),

it pref grableukifgathdey Siftriag in k& &b ABidin 20 Solh@orP BE 3 ORGSR btpél

hydr ochl ori de Form(l) In"step e'), crystallization I's consi ere orrpl ete
when t h%h&ﬁﬁtp%ﬁfera%iy bO RSk lﬂo‘t)? @o&l%ng 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 €), 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 (8 process), which yields crystalline Form (II),
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,



15 <2% | er cani di pi ne hydrochloride. Crystalline seeds of Form (1) may al so
be added to steps e') to further pronote crystal formation . Process for
Maki ng FowmoghidosdThe second purification process (S proce®Sy/EPAIssb9 yi el ds
crystalline Form (11), conprises the steps of: 20 d") adding acetonitrile
to crude | ercanidipine hydrochloride (Form (A) or Form (B)) and heating
the m xture under reflux and stirring,220W0 03/ 014084 PCT/ EP02/ 08699 20 e")
cooling of the mxture of step d") to roomtenperature and stirring
preferably for 24 hours to forma solid, - f_') _ -filtering the solid
obtai ned fromstep and dryi ng it preferably in an oven. In step e"),

crystalllzatlo, IS c et.e t.he content the.sglution is
5 <2% | er canidi p| nce‘)%ﬁlﬁg &e} e ;Ijnrletig totfa%%tPi t| of PRt J5RY ehﬁflgt %t'mtnﬁo
addi ti onal for ducin Form (11). First Alternatlve Process for
Maki ng %Ff?{r% %r%ﬁélomsrtg o1 3 &4 gi‘rﬁ]atl ve method conprises the steps of: 10
d"') adding |sopro ano! or ethanol, preferably ethanol, with a water
content  preffé} abliltasageesoli qb@ame(d%qm stepieland drying itcprefeckibly imean oven.
hydrochl oride, refluxing with stirring to produce a solution; e"') cooling
the m xture tlasipte®)reystillization iefonsidbes cbmpwmaﬁthaladntéﬁx%famsolﬁﬁdﬁsl ng
for a period preferably between 24 and 96 hours to forma solid; 15 f"

2'2'33” Q_gz%lfeercaan(lhlpgneal_?&.dryi ng (e.g., in an oven) at preferably 70C for

The present application also contemplates two additional methods for producing
Form (1I).
First Alternative Process for Making Form (II)

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 bétween'20 and 40°C and
stirring for a period preferably between 24 and 96 hours to form a solid;

15 £7)  filtering the solid and drying (e.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 HCL.

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

steps of:



hours to produce | ercanidipine hydrochloride Form (ll). In step a"'),
crystallization is considered conplete when the content of the solution is
< 2% | er capiodiopiose HCl . Second Alternative Method for Makipag/EPor/eschd 20 The
second alternative nethod of obtaining the Form (11) pol ynorph conprises
the steps of: WO 03/014084 PCT/EP02/08699 21 d"") dissolving crude

| er cani di pi ne hydrochloride or its crydtalline Form (1) in a protic polar
or an aprotic dipolar solvents preferably containing up to 50% by wei ght of
water at a tenperature preferably between 20 and 70C to produce a sol ution;
e"") stirring the solution of step d"") at a tenperature preferably between
20 and 5 25Cyp# : Wa LS THe ' s ' .er") and
drying (e.g. Ql|)r2 %&gven &'gtaé’%érr Eelafnéélglgwl%}?ogﬂé%ggO{bﬁlgfcg)&g%%eoﬁ%ﬁ{lgyﬁgﬁrs.
The sec . al native netlh optiopal.ly c Lise th of .addi ng up
o oosaiE PO OF ik Wil B CTONPB RSSO oblFRng B 1 S0 Y whrat? 6L ona
alternative nmethod 10 naéé‘brpré%her conprise irradiati ngl with ultrasound
and/ or SUHFLRS-2IFTRPIRHER Bre gtveen: 2Q,andyfQ°Che prasige 2 s¢lutiolim (11) to step
a""). In step a""), crystallization is considered conplete when the
content of t & solstitringrthg solation bEstepdi”iapa tempe@iture preferaghly betweenl 20 and

enbodi nent, the protic polar solvent is an al cohol solvent such as, but not
| i m Sed 25eC to p@itiiceradolidet hanol , n-propanol, isopropanol., In another
preferred enbodi nent, the aprotic 15 di'polar solvent is

N-met hyl pyr r gih/doRgteridd ehd 581 EbT §dp RFOCHERE dfytlg RSP bR GVER) B frkferdbly the Y

process and the preferred
70°C for preferably 12-18 hours.

The second alternative method may optionally comprise the step of adding up to
60% water to the solution of step d””) prior to step €”). 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 €), crystallization is considered

complete when the content of the solution is <2% lercanidipine HCl. 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  dipolar 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 ()
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.



process for preparing Form (ll1) is the 8 process. Applicants have

determ ned that Form (1) can be quantitatively obtained by use of Cl1-C5
anhydr ouswelosohmB4 (pref erably anhydrous ethanol or isopr@campo)/ossp9 Cl- C5
al cohol containing up to 5% water under controlled 20 conditions d* -f). In
fact, the foregoing processes, especiglly the y and 8 processes can be

used to produce the desired pol ynor ph 4% eproduci bly and consistently. WO

03/ 014084 PCT/ EP02/08699 22 In addition to differences in nelting point,
the two crystalline fornms exhibit differences in x-ray structure,
solubility, and bioavailability.. Solubility studies showthat Form(l) is

nor e sol ubl e Inhadditian o (diffprehceswiat edeltil PpofB) thedBfo Nirydiallins hired efiviSee
Tables 2 & 3). Bioavailability studies :jbﬁ d’ogs and ﬁ%ﬁtmr{s i ndi c%?élb'gthat

For m (I IdifférsndeRrif xoraki shaveid ' itityl N L.B; ns, al so
I ndi cat es, hr(;wever, at9 hat For ?hglkl Fglkﬂgdgldﬁgsioﬁgé%lgp't?‘@B#%yrsrﬂé@(lle%ﬂgwsthﬁ
|l e for, use in_ i | at e rel ease

concent | . | A ' S.suit

f or mul a’rtFi% gﬁgﬂgﬁ?@%g@gﬁﬁftg, n%dr&F(ltIﬂgP I‘K?,%Ierxgtﬁ%\%f’l’cﬁnl‘ifm‘ée{rf’%ﬂi‘e%ep ssslablpsw

t hat th%sgcéxo orne, have i fferent diffraction patterns (see Figures 11
and 12 &n anpioavaLsgylity sidigs) in, degs, andrdumans dngisate | thainHote (B ipamerec| e
size befbore Mmcroni zation and so is 10 easier and faster to process than
For n? | | PIogiRilabl;then dierm (b (Theistadyan humgas alks indidates plicveevet, thyFotmAT) 19
further discloses pharmaceutical formulations and unit dosage forns that
conpri sé Shestepftimdhdoi mekiatuad contentratih sittafnableeai 65 qhks kHAN it ve¢ iR

m xture thereof of predeterm ned pol ynorph content. The present invention

i s al soiminediateetidase forRldtols Hid 85@8E Fdiths? ﬁﬂai;g%-ra \diffractioh %lé{i@étsﬁ’ gl on

(e.g., essential hypertension, secondary hypertéension or |So V%t olic

hyper t efifat fi3de twoPFRRR hY iFRESES s (SOF9NI € 51 abl £ angina,
myocardi al | Nt ar ot i on) gér]?i?%%ﬁgg@ﬁl ven!(?gg??lsl(sglel e ﬁe%ﬁrﬂﬁ’fﬂ?ﬂiﬂ?si ng
admi ni shey | AgyR 1 HIELARSHL %r%flséa}/ aS nggelﬁ/a?ticle size 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 invention or a
mixture thereof of predetermined polymorph content.
The present invention is also directed to a method of treating a subject with
15  hypertension (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 (opfionally with other form of lercanidipine, such as amorphous form) to a subject
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



amount of isol ated |ercanidipine hydrochloride crystalline Form (1),

| ercani di pine hydrochloride crystalline Form (11), or conbinations thereof
of predetwomsnesdspol ynor ph 20 content (optionally w th ot irer/HPoz/08609

| er cani di pi ne, such as anorphous form to a subject in need of such
treatnment. The invention also contenplates a nethod of treating and
preventing atherosclerotic |esions i@3arteries of a subject, the nethod
conprising adm nistering a therapeutically W 03/014084 PCT/ EP02/ 08699 23
effective anmount of isol ated | ercanidipine hydrochloride crystalline Form
(I'), isolated |I|ercanidipine hydrochloride crystalline Form(ll), or

nbi nat | th ] .ok - 1 : : L
phar maetieRs Aasigber drid dedFabiclohe BIRHLRbrdY SR IBR TBRL @) joiated
A T e A R e e R

conpri se | ercanidi pine hydrochloride (1), (Il) or a mxture thereof. Wen
sai d conmediof suwhdreatingndi n a nmixture of said crystalline forns the weight
ratio of form(l) : (I1l) is preferably conprised between 1:9 and 9:1 nore
pr ef er r eBpgvitaeehital Compbsifiahgl 10 phar maceutical conpositions are those
wherein said weight ratio (I): (Il) is selected from: 9:1, 7:3, 1.1, 3:7
and k9. The ’ﬂ%%o%ﬁﬁﬂ&éﬁﬁi AGRBHRS bf M pRbsat FR¥HRCIEF8e Ftinu@iAdl into a
addi tives, such as a phar na%euti cally ac%éept abl e carriugr or diluent, a
flavorant,. a sweetener. ..a p I.ye. : [ . difpg
agent .- PRy SoHiporBnD THE PholcaP gl oriiolt RfBlding' S HREBRIRT
filmform ng, agent, a lubsricant, a, plasticizer, an edihle oi,l or 5 _any
conbi nat’inﬁ?iﬂ%(‘?fl T3 CHYPPHTS &T %t‘%e PgﬁllrQéHP]ﬂ‘ée. W, a o?Th? mg'f% eFeok Wi?ﬂs can
undergo m croni zation, using any nethod known in the )

said compositions contain a mixture of said crystalline forms the weight ratio of form (I) :

(II) is preferably comprised between 1:9 and 9:1 more preferred embodiments of said
10 ' pharmaceutical compositions are those wherein said weight ratio (I): (II) 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 forms 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 pm,
' 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.



art. The average size of particle produced by.this nethod are preferably
D(50%2-8 m D(90% <15 m Suitable pharmaceutically acceptable carriers or
di l uent s woeBod®s4 but are not limted 20 to, ethanol; waPem/EPGYysses ol ;
propyl ene glycol, aloe vera gel; allantoin; glycerin; vitamin A and E
oils; mneral oil; PP& nyristyl propionate; nmagnesi um carbonate; potassium
phosphat e; vegetable oil: animal oil; 24nd sol ketal . WD 03/ 014084
PCT/ EP02/ 08699 24 Suitable binders include, but are not limted to,
starch; gelatin; natural sugars, such as glucose, sucrose and | actose;
corn sweeteners; natural and synthetic guns, such as acacia, tragacanth,
veget abl e gum..; J. L i ; s Vi C . -

r@mﬁﬁfél bggcﬁrsﬂlﬁglggg, i yegtlcﬁ;ql..nlil@& tgfﬁg}lf CeAdi; %ﬁ?aral sugars, such

hydr oxypr opyhnet oo} ene ycol’;” povi done; xes; and the

like. 5 Suitable disintegrants include, but are.not lipit.ed to, starch,

el o, od AP Ficre Ho IaCIoE B S eteats, N GRf el R SHE 2 oui um
starch gl ycol ate, crosspovidone and the |ike. Suitable |ubricants include,
but ar e agefia,| jtrageeath, o vegeRhlonBWneatd  sodifmy nplginglss o carboxwpethyleplylass v
fumarat e, nmagnesi um stearate, sodi um benzoate, sodium acetate, sodium 10
chl or i daydrypropylmdteylcellulnses pdbyeth W ensspgpictil ypvadpaet waxes; dndethe kewot i mit ed
to, bentonite, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol
and sor bi t an Sehblesisinte@is inchide] butriee A&tIliniteds, stardh, &g, /\¢tth BREGh HREGKI de,
agar-agar and tragacanth, or mxtures of two or nore of these substances,

and t he.cl:ﬁlgs%eé LeaoWehRhie ﬂ%ﬁ%ﬂrgﬁﬁiﬂgsoﬂﬂﬁin %meggbﬁgte?%g?gﬁ?ﬁle URR thBut are

not limte syntheti c nat ural guns, sUCh as’ veg e gum
tragacatilﬁ(g, acacia, alginate, dextran, sodium :

Suitable lubricants include, but are not limited to, sodium oleate, sodium stearate,
sodium stearyl fumarate, magnesium stearate, sodium benzoate, sodium acetate, sodium

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 agents include, but are not limited to, synthetic
and ‘natural gums, such as vegetable gum, tragacanth, acacia, alginate, dextran, sodium
ca:rboxyniethyicellulose, 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 of 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.



car boxymet hyl cel | ul ose, nethyl cellul ose, polyvinyl-pyrrolidone and gel atin.
Suitable filmform ng agents include, but are not limted to,

hydr oxyprwpyBmetBy| cel | ul ose, ethylcellul ose and pol ynet h&cmyEprat/ess99 20

Sui tabl e plasticizers include, but are not limted to, polyethylene glycols
of different nolecular weights (e.g.,_200-8000 Da) and propyl ene glycol.
Sui tabl e colorants include, but are no#?linmited to, ferric oxi de(s),
titani um di oxi de and natural and synthetic |akes. WO 03/014084

PCT/ EP02/ 08699 25 Suitable edible oils include, but are not limted to,

cottonseed oil, sesame oil, coconut oil and peanut oil. Exanples of
addi tional adgiftdbte ediblé bl Gnciidy, vk @rd @bt linfeled, tBroRREPoli0kesalid! Gil,
stearic acid, dicalciumphosphate and pol ydextrosé. 5 Unit Dosage Forns The

phar maceyt. : Lt may be fornulated as unit dosage forms, such as
tabl et s, &%C:Oﬁﬁds?lpcagsu1%€so?ﬂcapl ets; boluses, powders, granules, sterile

parenteral solLutiqns, . sterile renteral suspensions, sterile parenteral
ermul si ons, el F&3des of r?éiflg’roé@l, a tl‘\éﬁﬁe’é?"l%ée’ag‘ﬂto%l nofy imjted, ity 2sbisgls taleyr ops,
anpoul es, autoinjector devices or suppositories. Unit dosage forns may be
used f orStearig acid; dicaleiwp phosphateend pelytlextespl i ngual or rect al

adm nistration, or for admnistration by inhalation or insufflation,
transder nal patches, -and a |yophilized conposition: In. general, any
delivery of active ingredients that results in systemic availability of

t hem canUhk Désksk Foes erably the unit dosage formis an oral 15 dosage
form nost preferably a solid oral dosage form therefore the preferred

dosage forms The pharmaceutical composition may be formulated as unit dosage forms, such as
tablets, pills, capsules, caplets, boluses, powders, granules, sterile parenteral solutions,
sterile parenteral suspensions, sterile parenteral emulsions, elixirs, tinctures, metered
10 . aerosol or liquid sprays, (irops, 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,



are tablets, pills, caplets and capsul es. Parenteral preparations (e.qg.,

i njectable preparations. and preparations for powder jet systens) also are
pr ef err edwOodsloi484uini t dosage forns may be prepared by m xiPag/Epa2/esspd ve
agent of the present invention with a pharnaceutically acceptable carrier
and any other desired additives as 20 descri bed above. The m xture is
typically nmixed until a honpgeneous ni26ture 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
conposition. In this case, the conpositions can be fornmed as dry or noi st

ranul es. WO / 0 0oL AL Rk ed m ned
gm)unt s of | e]rggggg%%%n‘g@;y E:dgggﬁﬁg%?%g Or%rlgtfqﬁggﬁgrg Q%J'ﬁ]{li%@#%ﬁ% %éﬁ\%et h
conposi tjons w.th kno anti.ties of |ercanidipi hydr.ochl ori de. usin
et hods BPRIAEASTRATE A Gompesitions wimoe Gigthsy dREHEIPIRC R dERsBLondR m | s

obtained by m xing conpositions conprising known quantities of crystalline
| er cani dispigaetbods welbknown indde agt. dn a prefemed ¢mbasliment|a) dosage fopmas bitaingd | udi ng
non-crystalline | ercanidipine hydrochloride. Further preferred is where a
dosage floyr misiidgh qompdeitiensn comebrisiagritewafl quentities abf i ¢rgstaBine albdrctinidipiae
hydrochl oride is formul ated by m xing conpositions conprising essentially
pur escr wsidaddhidiRe) 8zCarésh phne: Iplraibhary ﬁfléhﬂa@Fﬁbfs%Py Esghiﬁé)[é%éﬂﬁlﬁﬁiﬂ@ forms

)
conprising a predetermned ratio of crystalline Fornms (1) and (I1). 10

dosage. tarrblgriier el ARREEE SuiRhr € MLRE ORI PEHobdyhRt Hrdpiflr
o pi 1| B B S RGeS NERRGRA Bl PBKineRsC RS RER SORBHEDE  ho

|atter being in the formof a |ayer or_envel ope over the forper. The two
conponerssiengially pures@paliine densynidipinenbydrpchloridecare\iixed tedoym glosager fosms t
di sintegration in

comprising a predetermined ratio of crystalline 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. For 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 separated 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
delayed 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
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forms include, but are not limited to, topical gels, lotions, ointments, transmucosal systems

and devices, and iontohoretic (electrical diffusion) delivery system. Transdermal dosage
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,
intréruminal, intratracheal, or subcutaneous.

The active agent also can be administered in the form of ﬁposome 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,



pharmaceutically acceptable carrier, as described above. A preferred |liquid
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phosphol i pids, such . as cholesterol, 20 stearylam ne or
phosphati dyl chol i nes. The pol ynorphs of the present invention also may be
coupled with soluble pol ymers as targetable drug carriers. Such polyners
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pol yhydr - et hry 3 art am dephenol , and pol yet hyl - eneoxi deopol yl ysi ne
subst i tuP iRy ltTRs! ‘b‘gl mtoyl resi dues. Administration The phar maceut i cal
conposition or unit dosage forns of the present invention nmay 5 be

adm ni st ddminissyatienvari ety of routes such as intravenous, intratracheal,
subcut aneous, oral, mucosal parenteral, buccal, sublingual, ophthal mc,

pul monary, t rasphsemascduticaltcoapesicionat unitdosage foramsusfahd presertmventios agy f or s
al so can be admnistered in intranasal formvia topical use of suitable
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transdermal skin patcChes. khown to those of ord| nary sk| Il 'in the art. Oal
10 adm n r r T [
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pref er ab) ange Fandqgt}ar}guscupar.n?fmt (?osage ormg BR6 tcglrf e ‘administered in intranasal

form via topicai use of suitable intranasal vehicles, or via transdermal routes, using those
forms of transdermal skin patches- known to those of ordinary skill in the art. Oral
10  administration 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 according to a dosage and administration regimen defined by routine

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



treatnment. The pharnmaceutical conposition or unit dosage formof the
present invention nay be adm nistered according to a dosage and
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gui del i nes given above in order to obtain optinmal antihypertensive
activity and a decreased in blood pressure while mnimzing toxicity or
side-effects for a particular patient2?9 However, such fine turning of the
therapeutic reginmen is routine in light of the guidelines given herein.
The dosage of the conposition containing polynorphs or m xtures of the
present 20 invention may vary according to a variety of factors such as
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Cinecor ectigof e ohilbiod I8 el (5omshe pEBuRrOo)Biisto O SHoftied
pharmaceuti cal .conpasition conprising (1) _I|ercanidipine_ hydrochloride,
where tlseanisdining; kydmchlordg gerystalline; Berm (Ds dp@lated dlerqapidinine Rydseghloride
consisting of isolated |ercanidipine hydrochloride crystalline Form(l),
i sol at eccrysialtianifivrpi (b, ¢rychmoihatiomsdbereef 9f predétemeinéd polyfidrph composition;
conbi nations t hereof of predeterm ned pol ynorph conposition; 5 and (2) at
| easts ongdcQiype lkasd oreedoagiopent! seluttddnor@irthe Rrai@neonsisiing oPh pharmaceutically
pharmaceutically acceptable carrier or diluent, a flavorant, a sweetener,

a preseryatinifle cBrrflY ®r @ubitNdFavohint, S3SREREHRa ﬁﬁ%&tgaﬁf\eﬁd& e :]atsi)iﬂgeégent » a

colorant, a disintegrant, an excipient, a dilue bricéa

pl asti ci d di. .0f | n. a er red. enbodi nent... the ..

Phar rmo et sl 3ol pocnt o BBl o GG HOR inichL A iRt 8 ne
hydrochl ori.de. Preferably, the . 10 conposition or dosage formconprises 1 to
200° g TabricHRh PRSI A gt %pres?réqde?ralzﬂ@mg%@eo@m@fwgﬂ or
dosage formconprises 5 to 40 ng | ercani di pi ne
composition or-dosage form 0.1 to 400 mg lercanidipine hydrochloride. Preferably, the

10 ‘ composition or dosage form comprises 1 to 200 mg lercanidipine hydrochloride. 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
single daily dose, or the total daily dosage may be administered in divided doses. In

15 addition, co-administration or sequential administration of other active agents may be
desirable. The polymorphs and mixtures thereof of the invention may be combined with
any 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 present invention (see, e.g.,U.S.

20 . Provisional Application No. 60/344,601, filed October 23, 2001 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



hydr ochl ori de. The pharnmaceuti cal conposition or unit dosage form may be
admnistered in a single daily dose, or the total daily dosage nay be
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f or -hi s/ é?temﬁaﬁf tacaphigve gydserenssrnfithebleedhprossuse withputamtewasd side efisets athe
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t he bl ogutigntdbenmey be swischeditnasinglaidosagefosif wotaining te gpatdpeiate ddsagesdly - be
swtched to a single dosage form containing the appropri ate dosages of 5
each5of eatteofaht hotévecgeiitsSor 4y doRANnGOWith Ad@aMdsisedfoldal dosage form The
exact dosage and adm nistration reginen utilizing the conbination therapy

of the pres ' | | Badfh Mok . ] : ra
factors Pncl ?glgenééa%lﬂ;dpyg?gmg%%%i es, ﬁj%g%’,f I g tﬁ{lﬁ%ggﬂg#ﬁr%%ﬁégl ﬁlg%ﬁ%%?i on of

=

e Pat P SR EFA B0 58 LAk IS, PUBPDE R SRS ™
P ﬁgi Sg: i;sg%:?ges, ggre?%qul'ﬂ,t seglci a%h%é/di(%i c})rtld?ﬁgnag} t gtp;atiglgt?thtehsgvernﬁg grcl)g Se{i(\)/l?)g}? %% of
the hypertension to be treated; the route of administration; the renal and hepatic function of
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 about 100% by
weight of the active agents, based upon 100% total weight of the dosage.

In a preferred embodiment of the present invention, the composition is administered

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



Optimal precision in achieving concentrations of conpounds within the range
that yields efficacy wthout toxicity requires a regi nen based on the
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such fine tuning of the therapeutic reginen is routine in |ight of the
gui del i nes given herein. A pharnmaceutical conposition for parenteral

adm ni stration contains not below 0.1% preferably fromabout 0.5%to
about 30% by weight of a polynorph or m xture of the present invention,
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i sol ated pol ynorphs are preferred for parenteral adm nistration. 20
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pharmaceut i cal conposition has WO 03/014084 PCT/ EP02/ 08699 31 dosage form
cont ai ni quc Fide 1 to 400 ng | ercani di pi ne hydrochl ori de. More preferably,
the conposition or dosage formconprises 1 to 200 ng | ercani di pi ne

hydrdchl ori de. Even nore preferably, the conposition or dosage form
conprises 5 to 40 ng | ercanidi pine hydrochloride. 5 EXAMPLES The

fol | ow EXANEMIESSs of preparation of |ercanidipine hydrochloride crude
Forme (A) and (B) and crystalline Forns (I) and (I11) are now di scl osed for
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anal ysis and solubiliTty,

(A) and (B) and crystalline Forms (I) and (II) are now disclosed for illustrative non-limiting
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

disclosed.

EXAMPLE 1 Initial preparation
Thionyl chloride (36 g) diluted in ethyl acetate (25 g) was slowly added to a
15  solution of 2,6-dimethyl-5-methoxycarbonyl-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

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



10 hygroscopicity tests; the bioavailability tests for the new crystalline
forms are also disclosed. EXAMPLE 1 Initial preparation Thionyl chloride
(36 g) diwotoadi4os4 et hyl acetate (25 g) was slow y added t ®Ca/EPLBo&o¢ uti on
of 2, 6-di met hyl - 5- met hoxycar bonyl - 4- (3-ni trophenyl ) -1, 4-di hydr opyri di ne- 3-
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N-di et hyl - N- (3, 3-di phenyl propyl )-1- am no-2-propanol (84 g) in ethyl
acetate (72 g) was slowy added to the m xture thus obtained. The whole
was kept under stirring at the sane tenperature for 3 hours. The 20 m xture
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Exanpl e -distiiationiwderyaspun ebabaub 250 aweHgpwithout gpingiaboee 3 temneradere of 6600M at
about - - 25, 0 nunHg, _wi thout going above a tenperature of 60C. After
r emovi ngAfieroremBingvhbat S@atkeof wates, thelsolition waSconoat@tdr @t sdut 9/32bPtHe 1/ 3
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and therinhiadwgliind i@ the Samé BoidiBdnsVeY teABeMidd ahd Bist Ay 8t tid the
K. F. value (Karl Fisher value) was abg%t 0. 10- g 135% T%g%fﬂnl na(l&gh@ﬁ{esnsi on
was cooligflial QoRIRGwith TSk efnt %f B X 2d i hyl acetate
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and then, fd Lht.es ersolid.was dried,in oyen at. 70C_ 133 g of dry raw
| er cani |¥oq b].el%/«gg‘hﬁ}g\a&%pg}sp&w%?cm‘f?%o Qggb'oﬁgﬁisﬁé‘hwﬁﬁ%e@e?‘&??nﬁc peak
150- 152C. X

in ethyl acetate (350 g) and stirred at 60-65°C for 1 hour. The whole was cooled to 5-10°C

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 phase 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 §vhole 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;10°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.
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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
obtaining 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 kept under stirring was cooled to 40°C.

20  Temperature was then set at 35°C. The whole was kept for 24 hours 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
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di ssolution of the crude substance. TB& mixture was hot filtered to
elimnate a slight opal escence and the clear solution kept under. stirring
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purity of the product in Form (1) > 99.5% . EXAMPLE 4A Preparation of

| er cani di pi ne hydrochl oride crystalline Form (I) 5 In separate
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For m ( AEXAMPLED4A( Ejepapstidmefiertanidipine hydaadthtoridé atystalline Byrmd ) m  of
2-propanol. The mxture was heated under strong reflux and under stirring,

t huss obt ai ni g sahrab RYEEsen@AIP EAIRintnES 200l Ttrede lhnidipide hyatoshlsriae. The

m xture was hot filtered to elimnate a slight opal escence and the clear
solutio upge L L | S; 0 4o L& bt athon was
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tenperature was set at 35C, keepi the m xtur.e.under stirring. T ol e
was kepfEgye Jyes s“‘aff?ae%m’&%i rre?'gﬁga“gt u%d;e&, St BWi’F%E“B%e E&?ﬁ? at
30C, keeping under stirring at said tenperature for apother 24 hours. The
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slight opalescence and the clear solution kept under stirring is slowly cooled to 40°C.

10  Precipitation was then triggered with 100 mg of lercanidipine hydrochloride Form (I) and
temperature was set at 35°C, keeping the mixture under stitring. The whole was kept for 24
hours under stirring at 35°C, then temperature was set at 30°C, keeping 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 (I)) 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 mL of 95% ethanol were loaded and brought to strong reflux under
20  stirring. The solution was cooled under stirting at 20°C and then seeded with crystalline
Form (I). The whole was then cooled to a temperature between 10 and 15°C, keeping the
reaction mixture 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



m of 2-propanol, then dried in an oven at 70C under vacuum for 24 hours.
Wei ght of dry 15 product (lercanidipine HC (1)) was 90 g (HPLC purity of
the produwoO oBm1484 m (1) > 99.5%. EXAMPLE 5 Preparation eCTIEPovessddi pi ne
hydrochl ori de crystalline Form (1) In independent preparations, 25 kg of
crude | ercani di pi ne hydrochloride, Form (A) or (B), and then 100 nL of 95%
et hanol were | oaded and brought to stPdng reflux under 20 stirring. The

sol ution was cool ed under stirring at 20C and then seeded with crystalline
Form (1). The whole was then cooled to a tenperature between 10 and 15C,
keeping the reaction mxture under stirring for 4 days. The solid thus
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filtered and dried I n er vacuum at 8
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Conparabl e results are obtained with Form (C) as starting material. 5
EXAI\/PLEI’@""‘W%Ipar ation of |ercanidipine hydrochloride crystalline Form (I1)
100 g of crude | ercanidipine hydrochloride Form (C) and then 200 m of
acetonitrile was |oaded into a reactor. The m xture was heated under
strong reflux and under stirring, thus obtaining a conplete dissolution.
The §i xEXAMPEE & Prgtiration d0ethidipiehydrodiloridé tiystalliie Péen (Pt at said
tenperature for 24 hours. The precipitate was filtered and dried in 10 an
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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, corresponding to a 95%
yield; HPLC purity > 99.5% in lercanidipine hydrochloride Form (II). 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
obtained was heated under stirring and under strong reflux and then cooled at 25°C always
under stirring. 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 (I), HPLC purity > 99.5% was obtained.

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



Form (A), (B), or () in 200 m of 95% ethanol was |oaded into a reactor,
the m xture thus obtained was heated under stirring and under strong

refl ux amsotohemospol ed at 25C al ways under stirring. ThePsolEPO2/ors9nas kept
at said tenperature for 24 hours under stirring. The precipitate thus
obtained was then filtered and dried in an oven at 70C for 24 hours. 90 g
20 of Form (11), HPLC purity > 99. 5% wfs obt ai ned. EXAMPLE 7A Preparation
of | ercani di pi ne hydrochl oride crystalline Form (11) WO 03/014084

PCT/ EP02/ 08699 36 25 g of |ercanidipine HCl1 crude substance or Form (O
was dissolved at 60Cin 100 m of a mxture ethanol-H20 (8:2). The whol e

was filtered @yﬁgﬁﬁYéa%aYdﬁgﬂeﬁ Wtsﬁbsrteﬁﬁeo P8%h gbfww Qdoiilds: BEC ghoand

di |l uted vvlth 10 esolutlont us o alne was stlrre at 25C

as such h 1 rcan ng h dro rid

(rr)y 5 o Sn‘?q'ﬁ ég bo?go%? s@l Bglga‘f’aigﬂ?ge @P? te, i ys at
25C. What ever the choi ce, after 48 hours_under sti rr| ng the grem pltate
thus f or ResSibigiaseluble pertion anddlivedanth H00 mhoblie. dihe polutipn thus ebigiefsvas
obtaining a 80-85%yield of Form (I1). Conparable results are obtained

usi ng cr stiteedrd 26%C §7yuchy or iByvas addesk withn 0 di groflerdayidimnd hydrochdonideydurad (IDne
Form (1) as starting material. 10 As an alternative, the initial clear

sol ut3 onot &% watk kotieAed\idrt® sabndsl at @0 l@IAwidol 00aWd ts, abwalischt W5t d Waiatvi dhiepi ne
hydrochloride Form (11) (0.1 g). After 48 hours with stirring at 25C 80%

yield w Eﬁbléee§i?&(‘48 ﬁd%lr§ﬁﬂ’de‘f RERHHR! the Brec tﬁt%rthﬁ’é Ririied WA cBREQT didde @ (11)

is obtained’ 15 Pr epar atl er cani di pi ne hydrochl ori de
I I
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are obtained using crude Forms (A) or (B) or lercanidipine hydrochloride crystalline Form
(D) as starting material.

10 As an alternative, the initial clear solution is diluted with 100 ml of ethanol and
seeded with lercanidipine hydrochloride Form (IT) (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 g of
lercanidipine hydrochloride Form (II), 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 precipitate

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



Form (C) or crystalline Form (1) was dissolved in 100 m of nethanol at
30C. The whole was filtered by gravity to elimnate the possible insoluble
portion awo 03514984 of water was 20 added. The sol ution thu®ColEpar/ossed was
stirred at 25C as such, or was mxed with 0.1. g of |ercanidipine

hydrochl oride Form (l11), or was soni caé.}ad for 6 seconds at 20 kHz and 100
Watts, always at 25C. Wi chever the choice, after 48 hours under stirring
the precipitate thus formed was collected and dried, with yields of 80-85%
Wi th respect to stoichionetric WO 03/014084 PCT/ EP02/ 08699 37

| er cani di pi ne_hydrochl oride Form (11). Conparable results are-obtained

usi ng crleteanilipine hydpctdorideBfornEIRNVPCEMParBblepresuits iarenolsthink @ usiagiceidel Feem
hydrochl ori de crystalline Form (l1l) in 5 aqueous 1-propanol 60 g of

| er cani d{4) sx¢BhCI crude Form (C) was dissolved at 60C in 100 nl of 1-
propanol -H20 (8:2). After filtering by gravity the possible insoluble
portion the solution was cooled in two hours to 25C and stirred for 120
hours at said tenperature, with or wthout sonication for 6 seconds at 20

kHz and S e precipitate thus for was 10 col ] ected, obtaining
90% yi el %Whﬁeg y'g%p 2{1)‘8&%? d’ifclﬁTc&ﬁ'é‘{]’H"& ﬁ%ﬁggﬂpﬂﬁﬁiwﬂﬁu{!‘teog?ﬂ%r@ﬂem Form
(11) aftaéqueguailwrﬂga ep. Conparable results are obtained using crude Forns
(A) or (B) of,.lercanidipin drochloride crystalline Form (1) as starting
material . ExAAPEEL WCW%'BQF;‘E%FF“@F Hogp (&) ivens slisselvied at 60PF i | Qé mdrgfst-al | i ne
Form (I1l) in 15 a%ueous 2-propanol 30 g of |ercanidipine hydrochloride
crude Farapng)-HaRs(Sd)s Sfiey dilteing dyCuiavity @@ pdssiblsf ingolpble gmntdn H20s0{ulion) .
After filtering by gravity the- possible insoluble portion the solution was
cool ed iwast emldtbim tvd howzb € 26 ahd rseierdd ffor 17@ hb@wrag sald Raipdrdn@8PRiAL €,
with

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 (I) as starting material.

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

30 g of lercanidipine hydrochloride crude Form (C) was dissolved at 60°C in 100 ml
of 2-propanol-H,O (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% yield with respect to stoichiometric lercanidipine
hydrochloride Form (II) after a drying step. The same result is obtained by stirring 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.



or without sonication for 6 seconds at 20 kHz and 100 Watts. The
precipitate thus formed 20 was col |l ected, obtaining 85%yield with respect
t o stoi chwormir4084 | er cani di pi ne hydrochl oride Form (11) atCwr@arozaossesyi ng
step. The sane result is obtained by stirring for 168 hours at 10C.
Conpar abl e results are obtai ned usi ngrgude Forms (A) or (B) or

| er cani di pi ne hydrochl oride crystalli Form (1) as starting material. WO
03/ 014084 PCT/ EP02/ 08699 38 EXAMPLE 11 Preparation of |ercanidipine
hydrochl ori de crystalline Form (1l1) in aqueous N nethylpyrrolidone A
suspensi on of 50 g of |ercanidipine hydrochloride crude Form (C) in 30 m
of N meERAMPLEOL] dPrepamatien of lerdjnidipins hiydl‘(ﬁﬁltﬁideZ&g tafliicoFordd (ID)ia. The
solid thus fornmed 5 was collected by filtration and dried, yielding 40 g

of |ercagy ,fyoggnemlg“%qﬁﬁ%ﬁabﬂe Form (I'1). Conparable results are obtained
usi ng crude Forns (B) or lercanidipine hydrochloride crystalline

hyar ochl o?deA%Péﬂeﬁgﬁ ﬁ‘%@b@flewﬁ%%ﬁogfﬂ%ﬂ%?%@iﬁ%@@er BSERC®
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transition phase are cal cul at ed on the basis of the area under the curve.
The rfost Wesoeatestedrtah Siltration andrdiieds yigldingrd0 18 ) leaeridipint ihydrochloridd Ferm
tenperature at which transition starts, onset T, is 15 given by the point
i n whi ch(IDhe Comparalsle aesudtst ae dbwimideuding rridecFhrame(A) oe (BY beterpmiidiplne DSC
of Form(1): 3.8 ng of Form (l) was placed in a golden pan of the apparatus

Per ki n Eig'@%chi&ﬁ% crystfliRe Bérind) S8R tns atep@l.t he test was 100 min. DSC Form

(rry: of Form (11) was pI aced 1n a golden pan of the apparatus

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).v

DSC of Form (I): 3.8 mg of Form (I) was placed in a golden pan of the apparatus
Perkin Elmer 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 ﬁémcs are

briefly summarized in the following Table 1.



Perkin El mer DSC7. The heating speed during the test was 10C/ mn. 20 The
data are shown in Figures 1 and 2 and the characteristic points of the
figures aweo3lor40ef |y sunmmari zed in the followi ng Tabl e 1. PODEP8Z/Bb499D84

PCT/ EP02/ 08699 39 Table 1. Conpound Melting T (Tpeak) [C] Onset T [(]
Form (1) 198.7 179.8 Form (I1) 209.3 9.0 Imedi ately after nelting of
Form (1) or (lI1) an exotherm c event e to salt deconposition can be
observed. 5 EXAMPLE 13 Thernogravinetry A gravinetric analysis associ ated
with an IR analysis was carried out on both crystalline Forms (1) and
(I'1), and also on crude | ercanidipine hydrochloride Form (A) and on crude

| er cani dTghlad. hydr ochl ori de Form (B), using a Netsch Thernonicrobal ance 209
10 in conmbination with a spectronmeter FTIR Bruker Vector 22. The tests were

carried|out according to t ol T ow ng Working conditions: 2-5]ny of
sanpl e vxgémr?gﬁ?‘gd in a stegﬁel‘v?%&i(wp?%ﬁ%&i tr(g‘ﬁféﬁTét@Dspher e, With a
heati ng of 10C/ mn. results obtal with crystaltine Fornms (1)

and (Il,ﬁglr%gﬁghom in Fi qurlé-g'%& from whi ch ir]t%gt,gan be inferred|{that in both

crystal & rms no wei gh ss can be 15 g rved up to thelr nelting
poi nt (i Qﬁntu ntil about 3893000. During dC«a1 § dation, which takes places

as indicated above after nelting, a CO2 | oss can be observed.

Immediately after melting of Form (I) or (II) an exothermic 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 (II), and also on crude lercanidipine hydrochloride Form (A) and
on crude lercanidipine hydrochloride Form (B), using a Netsch Thermomicrobalance 209

10  in combination with a spectrometer FTIR Bruker Vector 22.

The tests were carried out according to the following working 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 crystalline 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 observed.

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 temperature range 25-153°C.

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



The results obtained with crude | ercanidi pi ne hydrochl oride Form (A) are
showmn in Figure 19, where a weight |oss of 3.4% can be observed in the

t enper at LWe sanges 25- 153C. 20 The vol atil e conpound has IpeerEPIZassdd fi ed by
its corresponding IR spectrumand is ethyl WO 03/014084 PCT/ EPO2/ 08699 40
acetate. During degradation (T > 170C),.a snmall anmount of ethyl acetate in
gas phase could be observed. The resfi® s obtained with crude | ercani di pi ne
hydrochl ori de Form (B) are shown in Figure 20, where a weight |oss of 0.5%
in tenperature range 25-153C can be observed. 5 The volatile conpound
identified wth its corresponding IR spectrumis ethyl acetate (0.4% and
wat er ( Gacktald. . Didirig dgratagoradat i1 90°PQ) b smallounoBethyllacetarn igadphRt Bydld
acetate in gas phase can be observed. EXAMPLE 14 Hygroscopicity of

crystal lgdwhsEQegs (1) and (I1) 10 The hygroscopicity of both crystalline
For s (I% andﬁ’%ll) was neasured with DVS analysis by neans of a water

absorption anal yzer, ( SURFACE MEASUREMENT. . SYSTE rion cki nghanshi re,
UK) accor di ngﬁP oretglf'il&S ‘f%gl‘ilegw%cvﬁF&?rﬁ%}“%m?ﬁm%%%ﬁ@%hr{gy@fe %WH] ]fll) and
(rn) rest,ecti vely were placed in a quartz sanpl e-hol der, ~placed in its
turn on BigwiectG rHierha aveighh doss 10 Gedvepn demperatufie FAngp dat IdPty can be obsygaedween 0
15 and 95% starting from50% of relative humdity (25C, relative humdity
(RH) 5 50rgsvolatiBscomp@sl aiderRiffed: Gith . itsTherresponding IBf speatrummeist ethyt ecethtewn i n
the diagrans of Figures 13 and 14. 14-1 Results obtained with crystalline
For m ( 1)(0H06) axipester @.105). Adiring(degrddation (T i 1°Cya &hall AMSusdleftng acdtawul t s
in a mass change 20 of +0.15% at 95% RH, and of -0.3% at 0% RH, wth

al most  nQ SHYSAARE 8sh Be Sbikived MBSS

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

10 The hygroscopicity of both crystalline Forms (I) and (II) was measured with DVS
analysis by means of a water absorption 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 quartz sample-holder,
placed in its turn on a micrqbalance, and the sample underwent 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 RH/h:5%).
The results of the tests are shown in the diagrams of Figures 13 and 14.
14-1 Results obtained with crystalline Form (I)
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 mass
increase and loss. These slight variations are probably due to a reversible surface
absorption of water.

14-2 Results obtained with crystalline Form (II)



i ncrease and | oss. These slight variations are probably due to a reversible
surface absorption of water. 14-2 Results obtained with crystalline Form
(1) W 0300340844 PCT/ EP02/ 08699 41 The exposure of For mpCIriEPor/esébum dity
in DVS causes a negligible nmass variation (< 0:05% in the whole RH range
tested. EXAMPLE 15 Solubility of cryst4ﬁll line Forms (1) and (Il) 5 15.1
Solubility in water and in ethanol at Toomtenperature The solubility at
23C of both crystalline Forns (1) and (11) was evaluated by UV- Visible
spectroscopy in bi-distilled water (at the pH val ue spontaneously reached
by the system) and in absolute ethanol. The nolar absorptivity had been
previously défherexposue bfiforac @)dnihtmidity.in THES sases smEdigitld sREDHratiby (Las
considered for the determination in water 10 and in ethanol. Solubility in
wat er cey.05%)inthelREIR AT pthop kbsteline resi dual solid obtained by filtration

of the suspension was i medi ately anal yzed wi th Raman spectroscopy. The
results are shown in the followng Tables 2 and 3. TABLE 2. Solubility in
wat er (about 40 ng/m as initial condition). Starting material Time [mn]

Eglr lranl( Bﬁ%ﬂ% E’?@bﬂg{g}]@gggs %&%}F%‘%&} él!l 5/ 25/ 45/ 990 0.4/0.5/0.5/0.5

(hrm (11) 15 TABLE 3.
Sol u?ility in ethanol (100 ng/m as initial condition) Starting materi al
Ti me

[ midA}! Sdwbileny in wipter g in pthreeliodtagm tesperatsle  Form (1) 15/ 45/ 120
28/ 27/ 27 Form (1)
The solubility at 23°C of both crystalline Forms (I) and (II) 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 and in ethanol. Solubility in water certainly depends on pH. The residual solid obtained by

filtration of the suspension was immediately analyzed with Raman spectroscopy. 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 (1) 5/25/45/990 0.4/0.5/0.5/0.5 Form (I)
Form (IT) 5/25/45/990 0.2/0.2/0.3/0.3 Form (II)

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

Starting material | Time [min] Solubility [mg/ml] | Residual material
Form (I) 15/45/120 28/27/27 Form ()
Form (1) 15/45/120 11/12/12 Form (II)




Form (11) 15/45/120 11/12/12 Form (I11) WO 03/014084 PCT/ EPO2/ 08699 42 Form
(I'l') is less soluble than Form (1) in both solvents. 15.2 Solubility in

m xt ur es Wb wat4s4 et hanol at 25C and at 40C, wi th increasiPOl/ERAL/EA699
concentrations Figures 4 and 5 show solubility in water-ethanol at 25C and
at 40C of Form (1) 5 and of Form (l1). The maxi mnum solubility is reached
for both fornms, at both tenperatures, 42zvhen water concentration is of 20%
Also in this case the solubility of crystalline Form (1) is higher than
that of crystalline Form (I1). EXAMPLE 16 Solid phase 13C-NWR studies 10
The high resol ution 13C NWR solid phase spectra were carried out with the

Br uker, ASX?’P&Q{HE% Dy ﬁg XPH_F tJ;Qotor accessory, using

several conbine tec ni ques: e Spl nni ng (I\/AS) About 300 ng of

t he sarrp aQed in the rot or inn round an axis

ori ent ed ? %ﬁ@p%& PIEHES e Of(‘g‘lfeﬁﬁt}’)m‘@d”t#‘fq grﬁ‘ﬁdrﬂéﬁ% f’f’@]e@g"f% WEEr cone
t he di pol ar bradeni ng caused by CSA (Chem cal Shift Anl sotropy). The

exper i mefrseRiEdiongonduct ed at room tenerature. Dipolar Coupling. Since nuch
of line broadening in 13C spectra of organic solids is due to coupling to
protons, it wBigureervandds kiyowedlabibity ¢l water-dthanelHt i256C (adé @oUptd 66 FoaMET)

| evel was alnpbst 1 Kilowatt). 20 Cross polarization (CP). Cross

pol ani z andt FortQIw.d TEE AR IR 8ok bil#R Ieabhéa P bokIRfdIBs, ﬁ%&l@féﬁiﬁ%ﬁ?ﬁ’é d,zation
via the dipolar coupling to increase signal intensity. WO 03/014084
PCT/ EPO24R86@%ker 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

10 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

15  field to overcome the dipolar bradening caused by CSA (Chemical Shift Anisotropy). The
experiments were conducted at room temerature.

Dipc‘>1ai Coupling. Since much of line broadening in >C spectra of organic solids is
due to coupling to protons, it was removed by heteronuclear decoupling (decoupling power
level was almost 1 Kilowatt).

20 Cross polarization (CP). Cross polarization allowed carbon magnetizétion from

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



43 Total suppression of sidebands (TOSS). TOSS was perfornmed using

spi n-echoes synchronized with the rotation of the sanple to cause phase

al t er at i owo®B/014084 spi nni ng si debands, resulting in cancelPCatEPonosshen
successi ve spectra were added together. Crystalline Forns (1) and (I11) show
different 13C-NWR spectra in solid phase. The 5 signals (chemcal shift )
and attribution of the correspondi ng cgrbon atons (as nunbered in the
formul a of |ercanidipine hydrochl oride shown bel ow) are represented in the
following Tables 4 and 5, respectively. 2 36 3534 N2 2 23 11\ jr,31 O
13 16 21 11 20 11 31 11 1/15~1 /17\ 19\ 5 N 18 H3CO 54\12 | + 26 I I
14 H 31/ 27 6 N2 s\ . 30\ /%§ 0 29 03 014084

PCT/ EP02/ 0869kptalssuppigssign iLa mf} WéﬁL‘PSF BSing SNIREEROeEor m

(1) Chemical shift (, pprr)-Attrl but| on of carbon atons 168.7; 167.7 9; 11
or 11; $ynchronized 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 (1) show different *C-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.

NO 2
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150.1 to 120.4 2; 6 and 20 to 37

104.3; 100.9 3; 50 5; 379.7 12 63.0;
60.1 (weak) 15; 17 or 17;15 48.6 10 47.7 16 45.4 19 41.1 4 31.6 18

27.7; 26.WO0D3/014084 or 14; 13 119.6; 18.7;80r8;7 5 Tabl e 5PCraEPoAoH6tld pi ne
hydrochl ori de crystalline Form (l11) Chem cal shift (, ppm Attribution of
carbon atons 168.1; 166.6 9; 11lor11;9 151.9 to 121.9 2; 6 and from20 to
37 104.0; 102.8 3; 5 or 5 3 79.0 12 4%6.0; 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

- Table 4. Lercanidipine hydrochloride crystalline Form (I)

Chemical shift (, ppm) Attribution of carbon atoms
168.7; 167.7 9;110r1l1;9
150.1 to 120.4 2; 6 and 20 to 37
104.3; 100.9 3;505;3

79.7 12

63.0; 60.1 (weak) 15; 1701 17;15
48.6 10

47.7 16

45.4 19

41.1 4

31.6 18
27.7;26.4 13; 14 or 14; 13
19.6; 18.0 7;8o0r8;7

5 Table5. Lercanidipine hydrochloride crystalline Form (II)

Chemical shift (, ppm) Attribution of carbon atoms
168.1; 166.6 9;11o0rll;9

1519 t0 121.9 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




19.6; 18.3 7; 8 or 8, 7 WO 03/014084 PCT/ EP02/08699 45 EXAMPLE 17 IR
Studies The IR (infrared).. spectra were recorded in KBr powder by Diffuse
Ref | ect arwo 03/0e®Bhi que using a Perkin El nmer Spectrum one iPagtEPoressd? | R
spectra, whose wave lengths 5 and corresponding attribution are shown in
the followng Tables 6 and 7, are clearly different for the new Forns (1)
and (I1). Table 6. IR spectrumin KBr 4owder of | ercani di pi ne hydrochl oride
Form (1) Wavelength (cm-1) Attribution 3186 NH stretching 3100-2800 Al kyl
and phenyl stretching 2565 NH stretching 1673 C=0O stretching 1525; 1348
Asymmetric and symetric stretching of NO2 group 1405; 1386 Bendi ng of
gem nal nethyl groups 785-685 Qut-of-plane bending of 5 and 3 adjacent
hydrogens on aromatic rings Table 7. IR spectrumin KBr powder of

| er cani dii 0. ri.de Form (11) Wavelength (cm-1) Attribution 3183
NH stre%#ﬂ@ﬁ%-%éﬁ'dﬁ%yl and phenyl stretching 2684 N+H stretching

The IR (infrared). spectra were recorded in KBr powder by Diffuse Reflectance

Technique using a Perkin Elmer Spectrum-one instrument. IR spectra, whose wave lengths
5 and corresponding attribution are shown in the following Tables 6 and 7, are clearly
different for the new Forms (I) and (II).

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

Wavelength (cm ™) 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 and 3
adjacent hydrogens on aromatic rings

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

Wavelength (cm ) 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



1705; 1675 C=0 stretching 1526; 1350 Asymetric and symmetric stretching of
NO2 group 1402; 1380 Bending of gem nal nethyl groups 800-680 Qut-of-plane
bendi ng ovo®3an@88 adj acent hydrogens on aromatic rings PCO/EAR/ESD14084
PCT/ EP0O2/ 08699 46 EXAMPLE 18: Raman Spectra A Bruker FT-Raman RFS 100
Spectrophotonmeter was utilized under the following --typical conditions:
about 10 ng sanple (w thout any previo#s treatnent), 64 scans 2 cm1l
resolution, 100 mA | aser power, Ce-detector. 5 The followi ng Tables 8 and 9
show t he nost significant peaks of Raman spectra of Form (1) and Form
(I'1), respectively. Table 8. Raman spectrum of crystalline Form (1) Wve
Qggge'rvl (Eﬂmﬁi%d:“k%%ht%ecég“ M 3040 M 2981 M 2941 M- 1675 S 1646 M

A Bruker FT-Raman RFS100 Spectrophotometer was utilized under the following

. typical conditions: about 10 mg sample (without any previous treatment), 64 scans 2 cm™
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 (1)

Wave number (cm™) Peak intensity *
3054
3040
2981
2941
1675
1646
1583
1489
1349
1236
1005
821
174
98

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

RIZIZRI®|R|R|IR|IR

=
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1489 M

1349 Vs 1236 M 1005 S 821 M 174 M 98 S 73 Vs

* Me noder at e;

S= strong, Vs =very strong WO 03/014084 PCT/ EP02/ 08699 47 Table 9. Ranman
spect rumwbD osoy®Bal | i ne Form (11) Wave nunber (cm Peak i BRCEEP02/§8698074 M
3055 M 3048 M 3030 M 2973 M 2940 M 1675 S 1647 S 1630 M

3064 M
1584 M

10

47

Table 9. Raman spectrum of crystalline Form (II) -

Wave number (cm™)

Peak intensity *

3074

3064

3055

3048

3030

2973

2940

1675

1647

1630

1584

1489

1351

1005

995

103

85

nIFIRIB|S|IR|IR|R|»|» |2 2 ||| |Z|Z

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

EXAMPLE 19 Bioavailability of crystalline Forms (I) and’(II)

Example 19a-Dog

A study was carried out on six Beagle dogs to evaluate the bioavailability of

crystalline Forms (I) and (II).

The products, in micronized form, were administered orally by hard gelatin capsules

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.



1489 M 1351 Vs 1005 M 995 M 103 Vs 85 S * M= noderate; S= strong, Vs
=very strong 5 EXAMPLE 19 Bioavailability of crystalline Forns (I) and (I11l)
Exanpl e 1Wa-BDowyose st udy was carried out on six Beagl e dog®CuEPevedcoat e t he
bi oavailability of crystalline Forns (I) and (I1). The products, in

m croni zed form were adm nistered orally by hard gelatin capsules 10
filled up with the active agent, Form48l) and (11), at a dosage of 3 ny/Kkg,
adm nistered once in the norning of the day of the experinent. WO

03/ 014084 PCT/ EP02/ 08699 48 Bl ood sanples were taken at given tinmes and

pl asma concentrations of |ercanidipine were determned with a

st ereosel ecti | . - cording.to the :-f.ollow ng
-wor ki ng cond]iylt% ?%Eﬁgﬁﬁi %de‘?égrgrtl%ﬁg%%? g%@e%’%@@g@ 0(1‘998%33'(988 Bf 3 freans
of a liquid-liquid,extraction with a mxture of n-hexane and et hyl

et her . #ééggfef&mélgﬁ 3‘6@3 ao%“??ﬁ@%%&%ﬁ?ag iethod HPLGMS/MS, agpeding teithe ur e of
nmet hanol_. and, water, and a_ li qui d- phase chronat ographi c separation (LC) was
carri e’crf%]t?ﬁ"f’mgﬁ@ﬂg%gcéﬁf’dﬁ*ﬂqsb;ners of | ercanidipine were separated on a

CHI ROBI OTI C V col um (Vanconycin) (particle size 5 m colum size 150 x 4.6
nmm Lercanidipine was extracted from dog plasma by means of a liquid-liquid extraction

5  with a mixture of n-hexane and ethyl ether. The dry residue of the organic phase was taken
up with a mixture of methanol and water and a liquid-phase chromatographic separation
(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 electrospray 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, Tniax, Cumax and to plasma concentrations.



(ASTEC, NJ, USA)) and were detected with a mass spectroneter (MS/ MS) by
using an 10 el ectrospray techni que. The anal ytical nethod was validated in
a concentwetmonosange between 0.1 and 20 ng/m of pl asnmaPCOEPHDOSE99

enanti omers. The nmethod has shown to be specific with an accuracy of 15%
The average concentrations of |ercanidipine in the tables represent the
sum of both enantioners. 15 The profil4% referring to the average
concentrations of |ercanidipine for both forms are shown in Figure 10. The
foll owing Tables 10 and 11 show single values referring to AUC, Tmax, C,
and .to plasma concentrations. WO 03/014084 PCT/ EP02/ 08699 49 TABLE 10.

Mean val =8) of Al t, Thax o er cani di pi. ne raochl ori de
(S+R) cr ﬁ‘f"g@?ﬁe QS%V%UCE%S %%fémw 'leéaPé)r]JPPP"(‘?I {CaPﬁlRi%f‘ggﬁaﬁﬁ%ﬁl&or al
adm nistration at_a _dosage of 3 ny/kg. Form (1) Parameter Dog Dog 2* Dog 3
Dog 4 Do Rssystelling Farms aﬂdAU@@llﬂnell%rml(lbs& g7t g praligingistratigat2g. 72
37.73 19.12 ntg/ h/m Tmax (h) 2.00 4.00 6.00 3.00 3.00 6.00 4.00 1.67 Cmax
8.29 128desagadf dmgke.17 22.58 17.83 17.50 6.91 (ng/m) 5 Form (I1)

Form (I)

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

AUCy. 15.41 |263.83 |27.544 |46.57 (7039 |28.72 |37.73 |19.12

ng/h/ml
Tmax (h) 200 4.00 | 6.00 | 3.00 3.00 6.00 4.00 | 1.67
Cax 8.29 (128.87 |11.62 [27.17 |22.58 |[17.83 |17.50 | 6.91
(ng/ml)

5
Form (II)

Parameter |Dog |Dog2* |Dog3 [Dog4 [Dog5 |Dog6é |Mean | SD
1

AUC. 54.59 |119.77 |75.62 [173.82 |142.34 |61.91 |104.68 |43.99

ng/h/ml
Tmax (h) 3.00 | 1.50 | 1.50 4.00 2.00 | 6.00 3.00| 1.61
Crax 18.46 | 52.19 [19.78 | 52.64 | 55.38 [18.56 36.17 {17.27
(ng/ml)

* not included in the calculation of mean value



Par amet er Dog Dog 2* Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 1 AUCa_t 54.59 119.77
75.62 173.82 142.34 61.91 104.68 43.99 ng/h/m Tmax (h) 3.00 1.50 1.50
4.00 2.00w6.0018800 1.61 Cma'x 18.46 52.19 19.78 52.64 5PCIFEPLB0E69 36. 17
17.27 (ng/m) * not included in the cal cul ati on of nean val ue WD 03/014084
PCT/ EPO2/ 08699 50 Tabl e 11. Average concentration in plasma of

| er cani di pi ne hydrochloride (S+R) crygfalline Form (l) and crystalline
Form (11), in dogs, after oral admi nistration at a dosage of3 ng/kg. Form
() 5 Time (h) Dog 1 Dog 2* Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 0 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0501020000000000000000002
1 0.59 0,29 0.00 0.00 0.00 0.00 0.12 0.22 51.83.1.06 0.32 0.00 1.33
0.00 0. FHAlle 7L o Aomge pemgcistabiony i plashiay of Jomsanigins éwydmchipride 48439, 39
0.92 27.17 22.58 1.29 11.28 11.11 4 1.81 128.87 9.42 11.07 16.39 6.26 8.99
5.56 6 @ysdlipgFemn (1) a6¢ ceystling. F8mi(I) SR dgSGfier 6l administration at a dosage

of 3 mg/kg-

Form (I)
Time (h) |Dogl |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
1.5 1.83 1.06 | 0.32 | 0.00 1.33 0.00 | 0.70 | 0.73
2 8.29 894 | 094 | 035 |17.11 0.28 | 539 | 6.34
3 4.44 36.39 ] 0.92 |27.17 |22.58 1.29 |11.28 |11.11
4 1.81 |128.87 | 9.42 [11.07 | 16.39 6.26 | 899 | 5.56
6 0.80 26.65 |11.62 | 2.53 973 (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 0.00 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 0.00 |52.13 |16.61 | 5.50 3.28 | 0.00 | 5.08 | 5091
1.5 023 (52.19 |19.78 (3543 [32.69 349 [18.32 |14.88"
2 7.63 |35.45 [17.81 [38.10 |55.38 [10.19 |25.82 [19.23
3 1846 |17.43 |15.80 |28.36 |40.57 |[14.10 |23.46 [12.56
4 14.83 5.17 |14.10 |52.64 |23.66 [13.24 |23.69 |16.26
6 8.05 4.50 3.62 |17.46 6.76 |18.56 |10.89 | 6.82

* not included in the calculation of mean value




Form (1l) Tinme (h) Dog 1 Dog 2* Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 0O 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.5

0.00 22.67 6.99 0.00 0.00 0.00

1.40 2. 6IwOb3014084 52. 13 16.61 5.50 3.28 0.00 5.08 5.91 1PETEPAB0EH2? 19
19.78 35.43 32.69 3.49 18.32 14.88 2 7.63 35.45 17.81 38.10 55.38 10. 19
25.82 19.23 3 18.46 17.43 15.80 28.36 40.57 14.10 23.46 12.56 4 14.83
5.17 14.10 52.64 23.66 13.24 23.69 16526 6 8.05 4.50 3.62 17.46 6.76 18.56
10.89 6.82 * not included in the cal culation of nean val ue WO 03/ 014084
PCT/ EP02/ 08699 51 The fornul ation containing Form (ll) is nore

bi oavai |l abl e than the one containing crystalline Form(l) in 5 anima
of 6. To sinplify the conparison, dog 2 was excluded fromthe eval uat

since after the

264 ng/h/m versus a mean value of 38 19 (SD) of the other 5 dogs.

ot her

hand, iTihe fapaulafiow cordainingiForma{l) éhmoke bivavailaple)thars thei ane| containing

the other aninmals, the value being 120 versus 105 44 ng/h/m . The
bi oavai lcgkgtdmﬁew@in (BpircsuniisiaRioneofy dr ochl ori de (Form (11)), expressed
increase 10 in the AUC of |ercanidipine (R+S) obtained after

adm ni strati gn, s‘?lfngﬁ B 1R Chhparisbs, c?)%‘w#va TxcﬁddEﬁ?ro‘iiﬁ RN alubidsh, kgt aﬂaitﬁé

with Form (1).

aver age pr of i asma concentration$ for

cr ysg al 'drrr]EmgtPar {0h df‘% o%g?mogr} s'l:w\% lasma AUC of 264 ng/h/ml versus a mean value

10

15

20

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 (II)), expressed as increase
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
absorption speed, expressed as Tpax, 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

A study was carried out on 16 healty volunteers to assess the relative bioavailability of
lercanidipine hydrochloride Form (I) and Form (II). 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

| s out
i on,

5 administration of Form (1) dog 2 shows a plasna AUC of

On the
hat of

as

ned



The anal ysis of these results shows that the anmount of |ercanidipine (S+R)
absorbed after adm nistration of crystalline Form (11) is 3 tinmes higher
t hat of PwOmBOI14084 whereas the 15 absorption speed, expre®PSEdEPaz0shny i s
practically unchanged. Plasnma concentrations 6 hours after admnistration
(last sanpling tinme) are simlar, the concentrations being of 8.5 + 6.5
ng/mM after admnistration of Form(l)52and of 10.9 f 6.8 ng/m after

adm nistration of Form (11). EXAMPLE 19b-Man 20 A study was carried out on
16 healty volunteers to assess the relative bioavailability of

| er cani di pi ne hydrochloride Form (1) and Form (I1). Form (l) was

- , dj di ng t.010 fl i di pi
yar oot e Bmosifit Bf 2 8ledio™ W05 REY G BT otRa Aving o G G0
t abl et Ly in.th d with the WO 03/ 014084
ggCT/ EPOSP@%I@EBS?Z%;% Eéﬁii Eﬁﬁ%@éi Pf%ﬁgénﬁpggxfg‘eeggﬁh\yqehbﬁ pcgn@rftqnng’mrerﬂom 24

m croni zed Form (1l) having the sanme particle size of FormI| (Test-T).

Bl ood sahpPes-dpeing end dlasara tengsoirationsf pHrietcamidiping oveédd detérmpest wiasiang and
pl asma concentrations of |ercanidipine were determined with a

st er eosebtersbsaletiznalaydliticll methodd FHALCMEME. THee PRARITRRRKI Shdrfmeters
paraneters 5 obtained are given in the follow ng table Form (1) Form (Il1)

Poi nt5 Esbﬁm@ga&%ﬂinthegﬁ,g%idgqgglg geom least (T/R) square nean square
mean AUC o t 8.82 10.36 1.17 0.93-1.48 n -h/nmL Cnax 3.18 3.22 1.01 0.73

-1.42
Form (I) Form (II) Point Estimate |[90%C.I.
geom. least | geom. least | (T/R)
. square mean square mean

AUC o 8.82 10.36 1.17 0.93-1.48
| (ng-h/ml) ‘ |
Cinax 3.18 3.22 1.01 0.73-1.42
| (ng/mL)
tmax 1.50% 2.50% 0.75%* 0.00 - 1.25
(h)
Cinax/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
bioequivalent to Form I, with Form (II) obtaining higher plasma levels, that lercanidipine
10 hydrochloride Form (I) has a t,y that is shorter than that of Form (II), suggesting s its use

in immediate release formulations.

EXAMPLE 20 X-ray diffraction studies
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



n/m tmax 1.50* 2.50* 0.75** 0.00-1.25 Cmax/ AUC 0. 386" 0.329" 0.85
0.69-1.02 * nmedian ** nedian difference ~ |east square nean The obt ai ned.
resul ts iwoiosat®s4 t hat | ercani di pi ne hdyrochl ori de For m ( PCY/ERa% 08601

bi oequi valent to Form1l, with Form (I1) obtaining higher plasma |evels,
that | ercanidipine 10 hydrochloride Form (l) has a tma, that is shorter
than that of Form (11), suggesting s i58s use in inmmedi ate rel ease

formul ati ons. EXAMPLE 20 X-ray diffraction studies Philips PW1710 and
Philips X pert PW3040 powder diffractometer (Copper Ka radiation) were
used, under the follow ng typical conditions: about 5-70 ng sanple WO

03/ 014084 . / 9 i t.hout .an reviqus, treatnment), with

appl i ca%?)@ggé I;lg}p? e%g‘ﬁ’? tf)eragrgigr&w & 1{110 a%{cgl%f?{f)g f §1[g?1t ?ﬁ?ﬁsgrc?e& é%]ineﬁtﬂaéi r

at nosphere, 0.02 20 stepsize, 2 sec step:1l, 2-50 20. -- - The obtained
spect r a-SUBREe. fpbent g pmpsplsge.10.0272P stepsizec? sasstepol-r2adddhdi ng main  peaks
are described in Tables 12 and 13. The data are clearly different for new

i sol ated 5- Fhrenebtgingd spedirg larg giveabin Figiees X BBl $p ent thencofrespending inakiipi ne
hydrochloride Form (l1). D (A) Relative intensity (1/1o) 2 0 angle 16.3 83
5.4 6. 2 pedksldreAlescribed in Tables 12 and 13. The data are clearly different for new isolated

5  Forms (I) and (II).

Table 12. X RD spectrum of lercanidipine hydrochloride Form (T).

D (@A) Relative intensity (I/Io) |2 0 angle
16.3 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

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

10
D (A) Relative intensity (I/Io) |2 0 angle
19.3 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




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 | ercanidi pi ne hydrochloride Form (Il). 10 D (A Relative

i nt ensi t ywploloods£ 0 angle 9.3 35 9.5 6.0 45 14.7 5. 49 P63/FP62/0869%. 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
WO 03/ 014084 PCT/ EPO2/ 08699 54 EXAMPLE 21 Melting point determ nation of
various m xtures of |ercanidipine -hgdrochloride-crystalline Forns-(1) and
(I'l) The nelting points of conpositions consisting of known ratios of

| ercani di pine 5 hydrochloride crystalline Fornms (1) and (I1) were

determ ned manual ly. Conditions consisted of using a set point of 177C and
I ntroducing the capillary into the instrunment (Melting Point Apparatus
nodel 535, Buchi Labortechnik AG Flawil, Swtzerland) at

EXAMPLE 21 Melting point determination of various mixtures of lercanidipine
‘hydrochloride-crystalline Forms (I) and (II)

The melting points of compositions consisting of known ratios of lercanidipine

5 hydrochloride crystalline Forms (I) and (II) were determined manually. Conditions

consisted of using a set point of 177°C and introducing the capillary into the instrument

(Melting Point Apparatus model 535, Biichi Labortechnik AG, Flawil, Swifierland) 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 (IT). 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 crystalline

Sample | Pure Form (I): Form (II) Pure
Form @) 1,., 7:3 1:1 3:7 1:9 Form
dn

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(II) 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



approximately 5C below the nelting point. Results are shown in Table 14. 10
Table 14. Melting points of conpositions consisting of known ratios of

| er cani diwora/o14e94dr ochl ori de crystalline Forns (1) and (I PCT/EBarmH6es in
Series A and Series B were heated at a gradient of 1C mn and 0.5C mn,
respectively. Results are given in C. Ratio |ercanidipine hydrochloride
crystalline Sanple Pure Form (1): Forms(l) Pure Form (1) 9:1 7:3 1:1 3:7
1:9 Formcan 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

| ercani di pi_.ne hydrachl oride as _haying a nelting point of 186-188C. Table
14 showdueling peivt O IS8R BPMDSQ W8k i %ﬁca%@lp%wrﬁc{)l%fé@y aEtFRS €F) and

Form(I1) in which the ratio of Form (l):Form (11) varies between 9:1 to
3: 7. Bi dionystals®t Hdnce,(the ugdtingf pdilteofraupreparatidio@f/lercbRidifind hydroB)lonidgpismot a WO
03/ 014084 PCT/ EP02/ 08699 55 nelting point of 186-188C (non DSC) for a

| er cani dufidintByaetemt tol digttheuldarAe batticalr #m of Toisisap@sent eR€iR, add@atip! t i ng
poi nt of a preparation of Iercanidi pine hydrochloride is not

suffici z = Dy-d & = i St i ' - .formor forns present
t herein, aﬂ’g&yn%{r%/ﬁ&%%fnx‘%og}pggh%& %ftggse%e%%ﬁn%g??ﬁk %{r?gehave the sanme nelting
poi n% range. 5 EXAMPLE 22. M croni zation of | ercanidipine hydrochl ori de.

EXAMPLE 22. Micronization of lercanidipine hydrochloride. -

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

10  pressure, 2.5 Kg/cmq. 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 pum.

15 The present invention is not to be limited in scope by the specific embodiments
described ﬁerein. Indeed, various modifications of the invention 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 application, the disclosures of which are incorporated herein by reference in

their entireties.



M croni zation is carried out by a jet-m |l process using a M CRONETTE M300
fromthe firmNUOVA GUSEO (Villanova sull' Arda -PC- Italy). Paraneters are
as foll owe:03lonjoecti on pressure, 5 Kg/cny; mcronization pCEFSEPO2/a8699

Kg/ cng; and cyclone 10 pressure, 2.5 Kg/cng. Capacity of mcronization is
16 Kg/h. Particle size is determned by I|aser |light scattering using a
GALAI CIS 1 laser instrunment (GALAI, Hsdfa, Israel). Mcronization is
performed to obtain an average particle size of D (509 2-8 gmand D (90%
<15 m * 15 The present invention is not to be limted in scope by the
speci fic enbodi nents described herein. Indeed, various nodifications of

t he inve&iiaﬁ : n addition to those described herein wll becone apparent
to thos dinthe art fromthe foregoing description and the
acconpanying figures. Such nodifications are intended to fall within the
scope of the appended cfaidpdercandipinednidsochiraidersolid Fpth (Ad.ilening a melting
publications, procedures, and the |ike are cited throughout this

appl i catpoint-oftdbeutisHc12SEBS CPeaMitindbofipRising GBHRBL A F /R tﬁ%&cb&te{ ef erence
in their entireties. WD 03/014084 PCT/ EP02/ 08699 56 Al 1. Crude

| er cani di pi ne hydrgchl ogi I; r V| i:ng. . poi ng..

of - about 150- 1- 520?'( Dseé%ggﬁ%?%gpg%ﬂd%@%ﬁg%ﬁ? F@“ﬁ@??vﬁ%f‘g& Wﬁftmg
acetate. 2. de rcapldipine hydrochl orjde solid Fo (B), having a

mel t Png Posmpcgaﬁf’mofﬁa@%& ?Iégépf@lgenéﬁgﬁpsé@g)ab%&%%%{n M Gthabatetate. 3- 0. 7%
(ww) ethyl acetate. 3. A nethod of producing the crude |ercanidipine

hydr ochl ori de For m- A method of producing the crude lercanidipine hydrochloride Form

of claim 1, comprising the steps of:
a) reacting | 2,6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-
dihydropyridine-3-carboxylic acid with a chloride selected from the group consisting of
10  thionyl chloride and oxalyl 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 ) isolating the crude lercanidipine hydrochloride of step b and recovering
crude lercanidipine hydrochloride Form (A).
| 4. The method of claim 3 wherein the reacting step b) is conducted at a

temperatﬁre between -5 and +5°C.

5. The method of claim 3 wherein étep ¢) comprises the steps of:
20 i) washing the crude lercanidipine hydrochloride of step b) with
water;

if) removing the water from step i) to produce a mixture;



of claim1, conprising the steps of: a) reacting

2, 6-di met hyl - 5- met hoxycar bonyl - 4- (3-ni trophenyl )-1, 4-

di hydr opywodiBfes84 car boxylic acid with a chloride sel ect ed@CirrEpoz/08se9 gr oup
consisting of 10 thionyl chloride and oxalyl chloride in an aprotic

di pol ar solvent and an aprotic polar solvent to produce the corresponding
carbonyl chloride; b) reacting, in-sit the chloride of step a) with 2,
N-di et hyl - N- (3, 3- di phenyl propyl )- 1-am no-2-propyl al cohol to form crude
| er cani di pi ne hydrochl oride; and 15 c) isolating the crude |ercanidipine
hydrochl ori de of step b and recovering crude |ercanidipi ne hydrochloride
Form (A). 4. The nethod of claim3 wherein the reacting step b)

conducted at a tenperaiijre betosstatingSthemixk¢ of BiepThk ank e ﬂg@@h@nbﬂh13
wherein step c) conprises the steps of: 20 i) washing the crude

| er cani di pi ne hydrochl ori de gfodaten shigpensibin haviageabouti thy sameDwlume b therat er
fromstep i) to produce a m Xxture; WO 03/014084 PCT/ EP02/08699 57 iii)

concentrating the nixture of ;38R e@f‘fl‘w%’ﬁhﬁgo?gﬂeﬁ%ﬁtanﬁ% wzl&ép&ﬁﬁ&lta
suspensi on having about the same volunme as the inittal volunme of

the-m xture of step-ii )--anda{;i(_‘(/)f gﬂgﬁg%{%nﬁﬂ o@b%Wéequﬁ) %‘f&d(?gol/ Fi scher,

of between 0.10 and 0. 15% Re Suspen3|on obtained’ in step
re-Supendi ng the Sol | 41OT s CeRngyhg FispeiAn epdnsgl Btep 6 o obbin & sl
V) filtering the solid from step iv);
vi)  re-suspending 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
10 crude lercanidipine hydrochloride Form (A).
6. The method of claim 3 wherein the chloride in step a) is thionyl
chloride.
7. The method of claim 5 wherein step c¢) ii) comprises removing the
water from step c) i) by azeotropic distillation under vacuum within the range 200-300 mm
15 Hg, at a temperature not higher than 60°C, to produce a mixture.
8. ©  The method of claim 5 wherein the resuspending step vi) comprises
stirring at 60-65°C for about 1 hour.
9. : The method of claim 5 wherein the drying in step viii) is in
an oven at 70°C.
20 '10.  The method of claim 5, wherein the washing step i) is with water; the
mixture in step iii) is concentrated to 1/3 of its initial volume and solvent is added to

produce a suspension having about the same volume as the initial volume of said mixture;



vii) cooling the suspension of step vi) ; and viii) filtering and drying
the precipitate of step vii). to produce the 10 crude | ercanidipine

hydr ochl owoda/oFesm (A). 6. The net hod of cl ai m 3 wherei n Pog/EPad/esspde in
step a) is thionyl <chloride. 7. The nmethod of claim5 wherein step c) ii)
conprises renoving the water fromstep c) i) by azeotropic distillation
under vacuumw thin the range 200-300 3gm 15 Hg, at a tenperature not

hi gher than 60C, to produce a mxture. 8. ' The nethod of claim5 wherein
the resuspending step vi) conprises stirring at 60-65C for about 1 hour.
9. The nethod of claim5 wherein the drying in step viii) is in an oven at

70C. 20 10, The net hod of cl.aim5, wherein th Ni St i) is . wth
water -t t; Wateh QoDFaRt OF &) SUPROTion ASHUEE B ET Fipchets frterydon; G1 o)

vol une and solvent is added to produce a suspension having about the sane
vol ume a8 18%e initial volume of said mixture; WO 03/014084 PCT/ EP02/ 08699
58 and, the water content of said suspension according to Karl Fischer , is
between 0.1 and 01135% THel-metHdik-afeélhmt-Hf whtrelnncbolingatinr step i9pdb i toga
-in-step iv) istoa 5 tenperature within the range of 0-5C. 12. The

met had o{eglfb%%@%mi&lﬁ%%gg@biyg. in step vii) is to a tenperature within

range of of producing the crude | ercanidi pi ne

hydrochl oride For ™2, The method of claim 5 wherein cooling in step vii) is to a

temperature within range of 5-10°C.
13. A method of producing the crude lercanidipine hydrochloride Form
10  ofclaim 2, comprising the steps of:

a) reacting 2,6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-
dihydropyridine-3-carboxylic acid with a chloride selected from the group consisting of
thionyl chloride and oxalyl chloride in an aprotic dipolar solvent and an aprotic polar
solvent to produce the corresponding carbonyl chloride;

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

c) isolating the crude lercanidipine hydrochloride of step b) and recovering
cmde lercanidipine hydrochloride Form (B).

20 ‘ ‘ 14.  The method of claim 13 wherein the reacting step b) is conducted at
a temperature between -5 and +5°C.
15.  The method of claim 13 wherein step c¢) comprises the further steps
of:
i’) washing the crude lercanidipine hydrochloride of step b) with

25 water,



10 of claim2, conprising the steps of. a) reacting

2, 6-di met hyl - 5- met hoxycar bonyl - 4- (3-ni trophenyl )-1, 4-

di hydr opywodiBfes84 car boxylic acid with a chloride sel ect ed@CirrEpoz/08se9 gr oup
consisting of thionyl chloride and oxalyl chloride in an aprotic dipolar
solvent and an aprotic polar solvent tggproduce the corresponding carbonyl
chloride; 15 b) reacting, in-situ, the chloride of step a) with 2,

N-di et hyl - N- (3, 3- di phenyl propyl ).- 1-am no-2-propyl alcohol to yield crude
| er cani di pi ne hydrochloride; and <c¢) isolating the crude |ercanidipine
hydrochl ori de of step b) and recovering crude |ercanidipine hydrochloride
Form (B). 20 14. The netlidd ofemadwngihe3vaiprcirem stepria to @ %@@%@‘ﬁeﬁa"m%
conducted at a tenperature between -5 and +5C. 15. The nethod of claim 13
wherein step c) conprises theafwistehesntstiteps abaift:2%, pessasdd aggording do il

| ercani di pi ne hydrochloride of step b) with 25 water, WO 03/014084

PCT/ EPO2/ 08699 59 ii') renovipgnhide water fromstep i') to produce a

m xture having a water content of about 2% nmeasured according to Karl

Fi scher; iii') concentrating the njxtur . i k) 33 gh@g t to
5 produce a solution havi"ﬁg af58% eﬁlfr%‘\(t‘g}%%ﬁe%{/o gpr%‘ Sgeg)ltlﬁggldia%i ti a?&f/ggrﬁﬂe of

Lhe M xture of step ii'), a9 & RLeT, CanhSM havin SH3hF B9 shie 'Bidmd a8 GHE"

initial volume of the mixture of step ii’) and a water content,
according to Karl Fischer, of between 0.9 and 1.1%;
iv’)  cooling the solution of step iii’) to obtain a solid;
v’) filtering the solid of step iv’);
10 vi")  re-suspending the solid of step v’) in a solvent;
vii’)  cooling the suspension of step vi’); and
viii’)  filtering and drying the solid obtained to produce the crude
Jercanidipine hydrochloride Form (B).
16. .The method of claim 13 wherein the chloride is thionyl chloride.
15 17.  The method of claim 15 wherein step ¢) ii”) comprises removing the
water from step i°) by azeotropic reflux to produce said mixture.
18. | Thé method of claim 15 wherein step c) iii”) comprises concentrating
said mixture to 3/4 of its initial volume.
19.  The method of claim 15 wherein said solvent in steps c) iii’) and vi’)
20 is ethyl acetate.
70. The method of claim 15 wherein the step c) iv’) comprises cooling

the solution to a temperature within the range of 0-5°C.



Iv') cooling the solution of step iii') to obtain a solid; v') filtering
the solid of step iv'); 10 vi') re-suspending the solid of step v') in a
sol vent ; woioB/0}40800l i ng the suspension of step vi'); and PCITIEP)2/686b4 er i ng
and drying the solid obtained to produce the crude | ercanidipine
hydrochl ori de Form (B). 16. The nethod of claim 13 wherein the chloride is
thionyl chloride. 15 17. The met hod ofggcl ai m 15 wherein step c) ii')
conprises renoving the water fromstep i') by azeotropic reflux to produce

said m xture. 18. The nmethod of claim 15 wherein step c) iii') conprises
concentrating said mxture to 3/4 of its initial volune. 19. The nethod of
claim15 wherein said solvent in steps c). iij').and vi')_ 20 is ethyl

acetate. 20. The ek hodlhs methed of ehimyd, Whereinysaid sigh cp yl') further. 6opIpTitess

cooling the solution to a tenperature within the range of 0-5C. WO
03/ 0140 SstirtxigT ther0se081608 8t 6(505°C1for tout omst hat. of cl ai m 15 wherein said step
c) vi') further conprises stirring the suspension at 60-65C for about one

hour. 22. -- The nxt hod¥ld methadl oF ehim WeyigireinSaiddstgt ©pvil)-futiher Lothprisdaer
conprises cooling the solid to a tenperature between 5 and 10C. 5 23. The

net hod ogoog*lgmgs%ﬁdw%eﬂr@&ﬁ@eq,eﬁ&%%@g‘nhqos(t;_ep viii') is in an oven at

appr oxi mat 70C. 24. The netho any one of clainms 1-7, wherein said

aprotsi c di pol ar 23

The method of claim 15 wherein said drying in step viii’) is in an
oven at approximately 70°C.
24.  The method of any one of claims 1-7, wherein said aprotic dipolar
solvent is dimethylformamide and said aprotic polar solvent is ethyl acetate.
25.  Isolated lercanidipine hydrochloride crystalline Form (I), which has
10  the X-ray diffraction pattern, at wavelength Ko , as shown in Figure 11.

26.  The lercanidipine crystalline Form of claim 10, wherein distances,

(I/To) ratios, and 2 0 angles of significant peaks in Figure 11 are:

D (X) Relative intensity (I/Io) |2 0 angle
16.3 83 5.4

6.2 47 14.2
4.78 29 18.6
4.10 63 21.7
406 ~ 36 21.9
3.90 100 22.8

27.  Isolated lercanidipine hydrochloride crystalline Form (II), which has
15  an X-ray diffraction pattern, at wavelength Ko. , as shown in Figure 12.
28.  The lercanidipine crystalline Form of claim 27, wherein distances,

(I/Io) ratios, and 2 0 angles of significant peaks in Figure 12 are:



solvent is dinethylformam de and said aprotic polar solvent is ethyl
acetate. 25. Isolated | ercanidipine hydrochloride crystalline Form (I),

whi ch haswoXG/014084 X-ray diffraction pattern, at wavel engt RCKEP)2/689%5hown i n
Figure 11. 26. The |ercanidipine crystalline Formof claim 10, wherein

di stances, (I/10) ratios, and 2 0 angles of significant peaks in Figure 11
are: D Relative intensity (I/10) 2 0 agigle 16.3 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 27. |solated

| er cani di pi ne hydrochloride crystalline Form (l1), which has 15 an X-ray
diffraction pattern, at wavelength Ka , as shown in Figure 12. 28. The

| ercani dipine crystalline Formof claim?27 wherein distances . (1/10)
rati os, |&h&K)2 0 angles of [HemivkiiseMityq®aRs |10 khgere 12 are: WO 03/ 014084
PCT/ EPOZI.08699 61 D (X .ative Tntensity d}%o Z 0 angle 9.3 35 9.5 6.0
45 14.7 w ] . 6852 19 1 4 27 74|93 g

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

29. A method of producing lercanidipine hydrochloride crystalline Form
(I), which has an X-ray diffraction pattern, at wavelength Ko, as shown in Figure 11,
which comprises:
5 d) adding a C1-C5 alcohol solvent containing a maximum of 5% water (v/v) to
a crude lercanidipine hydrochloride Form and heating under reflux and with stirring to
produce a clear solution;

e) cooling the solution of step d) and stirring until the concentration of

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

10 ) recovering the solid obtained from step e), and drying said solid to produce
the lercanidipine hydrochloride crystalline Form (I).
30.  The method of claim 29, wherein step f) comprises filtering the solid

obtained from.step e), washing the solid with isopropanol and re-filtering the solid before

drying.



3.81 41 23.4 3.77 100 23.6 3.58 44 24.8 3.54 29 25.2 29. A nethod of
produci ng | ercani di pi ne hydrochloride crystalline Form (1), which has an
X-ray di fwpaswisss pattern, at wavel ength Ka, as shown in PCgmre2/dsk99 whi ch
conprises: 5 d) adding a Cl1-C5 al cohol solvent containing a nmaxi mum of 5%
water (v/v) to a crude |ercanidipine hydrochloride Form and heating under
reflux and with stirring to produce g?2cl ear solution; e) cooling the
solution of step d) and stirring until the concentration of |ercanidipine
hydr ochl ori de dissolved in the crystallization solvent is <2% and 10 f)
recovering the solid obtained fron1step e), and drying said solid to

d t he | di h i t II|n Form (1 30. The
et hod of ol ai m 2631 whelE REPR ST FJatacHp PSR fe AEohgr el o salectsdr ai ned
fromstep e), washing the solid vvlthlsoggg{)anol and re-filtering the solid

bef ore WOWWIWQWODI@W@@@M@@ anbydus etharolnet hod of cl ai m 29
wherein the alcohol of step d) is selected fromthe group consisting of

i sopropanol, etharf@ arkheanbjidd @flaint29iokherdia. the -crudeeFomi otbreaidipine
-clai m29- wher ein the - crude- Formis -1lercanidipine hydrochlori de crude

For m ( Alhyddhloaide ¢hude FRrh Y AlY, 96/8h A EipHR 1H/drsiRISERIEBiRIF R (B510F RRéANidibine 5
crude Form (O
5 crude Form (C)
33.  The method of claim 29 wherein said step d) further comprises
filtering the heated solution.
34.  The method of claim 29 wherein said step €) comprises cooling the
solution to a temperature between 30 and 40°C.
10 - 35.  The method of claim 34 wherein said step e) further comprises
stirring for a period of time of 12-48 hours.
36.  The method of claim 29 wherein said drying in step f) takes place in
an oven.
37. A method of producing lercanidipine hydrochloride crystalline Form (II),
15  which has an x-ray diffraction pattern, at wavelength Ko, as shown in Figure 12, the
method comprising the steps of:
d”) adding acetonitrile to lercanidipine hydrochloride and heating the mixture thus

obtained to form a solution;

€”) cooling of the solution of step d”) and stirring until the concentration of

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

) recovering the solid of step €”) and drying said solid to prbduce the lercanidipine

hydrochloride Form (II).



33. The nethod of claim29 wherein said step d) further conprises

filtering the heated solution. 34. The nethod of claim?29 wherein said step
e) conpriweyspowBi ng the solution to a tenperature bet we@aTdPoaKHIN0C. 10
35. The nethod of claim 34 wherein said step e) further conprises stirring
for a period of time of 12-48 hours. 36. The nethod of claim 29 wherein
said drying in step f) takes place ing3an oven. 37. A nethod of producing

| er cani di pi ne hydrochl oride crystalline Form (11), 15 which has an x-ray
diffraction pattern, at wavel ength K(x, as shown in Figure 12, the nethod
conprising the steps of d") adding acetonitrile to |ercanidipine

hydr ochl ori de and ati th i xture_thus .obtained,to form ol ut.i.on;
e'¥) cool i ng of they ol u?ﬁ%ﬂé@pwg?gﬁmaa% Wi‘ﬁﬁ?‘%?@&?‘i"ﬂ Lshnanrisps heating said

concentration of 20 |ercanidipine hydrochloride dissolved in the

cryst al | hizdresndergrflenwithstieing and f') recovering the solid of step e")
and drying said solid to produce the | ercanidipine hydrochloride Form
(1'1). WO 03/ 0140843RCT/ HrOthd6 99 clabiid 338vheldia saidtsiapde™) tomprasemcaalingtheei n
said step d") conprises heating said mxture under reflux with stirring.

39. The JumithRdo Pborh t@hperadrenher ein said step e") conprises cooling the
solution to roomtenperature. 5 40. The nethod of claim 39 wherein said
step s£”) conprisesyti rihd\GefB§ of claim 39 wherein said step e”) comprises stirring the
solution at room temperature for 24 hours.
41.  The method of claim 37 wherein drying step ) takes place in an
oven.
42.  The method of claim 37, wherein the crude Form is lercanidipine
10 ‘ hydrochloride crude Form (A), lercanidipine hydrochloride crude Form (B) or lercanidipine
crude Form (C).

43. A method of producing lercanidipine hydrochloride crystalline Form (I),
which has an x-ray diffraction pattern, at wavelength Ko, as shown in Figure 12, which
comprises:

15 d”) providing a mixture of ethanol and lercanidipine hydrochloride, refluxing under

stirﬁng and cooling and adding crystalline seeds of Form (I);

e’) further cooling the seeded mixture of step d’) and stirring until the concentration

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

") recovering the solid of step e”) to form lercanidipine hydrochloride Form (I).
20 44,  The method of claim 43 wherein the ratio of lercanidipine
hydrochloride to volume of solvent in step d’) on a weight volume ratio is within the range

of about 1:4 to 1:6.



solution at roomtenperature for 24 hours. 41. The method of claim 37
wherein drying step f') takes place in an oven. 42. The nethod of claim
37, wher ewp osloet084 ude Formis | ercani di pine 10 hydrochl oPCa&PO2/08389 FOor m
(A), lercanidipine hydrochloride crude Form (B) or |ercanidipine crude
Form (C). 43. A nethod of producing |ercanidipine hydrochloride crystalline
Form (1), which has an x-ray diffractgdon pattern, at wavel ength Ka, as
shown in Figure 12, which conprises: 15 d') providing a m xture of ethanol
and | ercani di pi ne hydrochl oride, refluxing under stirring and cooling and
adding crystalline seeds of Form (I1); e') further cooling the seeded

m xture of step d' ). and.stirrin ntil the concentratign of |ercanidipine
hydr ochl ori de di ssbl'ved ffeﬁn?tﬁ@gféﬁélﬁ%ﬁ? Wgﬁrteflbﬁ"imgﬁl%\?éﬁk%i s <2% and f)
recovering the solid of step e') to formlercanidipi ne hydrochl oride Form

(1). 20 44. The netthod Bie wiethod alclaine43i whemgin paid i sterofl)] Birthem comprises

hydrochl oride to volune of solvent in step d') on a weight volune ratio is
wi t hi n tfiléeringripeheatedd sehion: 1:-4 to 1:6. W0O-03/ 014084 PCT/ EP02/-08699 64 45.
The nethod of claim44 wherein said ratio is 1:4. 46. The method of claim

43 wherein said stgp d Thef shethod! ofc BB US 8Fheréin! dRinpdntAR] BepiEisSR) Wt i on:
- 47. The nethod of claim43 wherein cooling in sard step ) iIstoa 5
t enpar ath e Rfure oM WfileStitilg. N9-
48.  The method of claim 43 wherein cooling in said step €’) is to a
temperature between 10 and 15°C.
49.  The method of claim 43 wherein the drying in said step ) takes
place in an oven at 70°C.
10 50.  The method of claim 47 wherein authentic seeds of lercanidipine
Form (I) are added at the end of cooling in stéps e’) and d°).
51. A method of producing lercanidipine hydrochloride crystalline Form
(II), which has an X-ray diffraction pattern, at wavelength K , as shown in Figure 12, which
comprises:
15 d”) adding ethanol or isopropanol with a water content below 10% by weight to

lercanidipine hydrochloride and refluxing to produce a solution;

™) cooling the solution and stirring until the concentration of lercanidipine

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

299

£) recovering the solid produced in step €”’) to produce lercanidipine
20  hydrochloride Form (II).

52.  The method of claim 51 wherein ethanol is added in said step d””).



48. The nethod of claim43 wherein cooling in said step e') is to a
tenperature between 10 and 15C. 49. The nethod of claim43 wherein the
drying i rweaBdi1®8ep f) takes place in an oven at 70C. 10P&@/EPIhesenet hod of
claim47 wherein authentic seeds of |ercanidipine Form (1) are added at
the end of cooling in steps e') and d'). 51. A nmethod of producing

| er cani di pi ne hydrochloride crystalligg Form (l11), which has an X-ray
diffraction pattern, at wavel ength K, as shown in Figure 12, which
conprises: 15 d") adding ethanol or isopropanol with a water content bel ow
10% by melght to |ercanidipine hydrochloride and refluxing to produce a
solution; e") cooljng e solutign and_stirring until the concentration of
| er cani di pi ne 0‘$3och gethed ek glaipayS | Whetsw the yates content pighe selverbin | s
52% and f") recoverlng the solid produced in step a"') to produce

| er cani ditg &8) isdetveed SeolIl6%d.de Form (11). 52. The nethod of claim51
wherein ethanol is added in said step d"'). WO 03/014084 PCT/ EPO2/ 08699 65

53. The nethod of 3 ai AFheSthethbé i dlaitrN§1 WitleBdin O6ligN in 6didtdig &0) Ve ai n
step d"') is between 5 and 10% 54. The-nethod of claim 51 -wherein

cool i Ng-tbRnsdhile bétiveth 20 and 4BCt © @ tenperature between 20 and 40C. 5 55.
The rrethod of claimb5l wherein step f") conprises filtering said solid and

dryi 59 in @8N OVEeN.55  The method of claim 51 wherein step £”°) comprises filtering said

solid and drying in an oven.
56. A method of producing the lercanidipine hydrochloride crystalline
Form (II), which has an x-ray diffraction pattern, at wavelength Ko, as shown in Figure 12,
which comprises:
10 d””) dissolving crude lercanidipine hydrochloride or lercanidipine hydrochloride
crystalline Form (I) in a protic polar or an aprotic dipolar solvent containing up to 50% by
weight of water to produce a solution;

e””) stirring the solution of step d’’) until the concentration of lercanidipine

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

15 ) recovering the solid of step ¢””) to produce lercanidipine Form (II).
57. Tﬁe method 6f claim 56, further comprising irradiating with
ultrasound and/or adding crystalline seeds of Form (II) to step ).
58.  The method of claim 56, further comprising adding up to 60% water
to the solution of step d””).
20 59. The method of claim 56, wherein the protic polar solvent is an

alcohol solvent,



56. A nethod of producing the |ercanidipine hydrochloride crystalline Form
(I'1), which has an x-ray diffraction pattern, at wavel ength K(X, as shown
i n Fi gur ew03/014084 ch conprises: 10 d"") dissolving crude [PETEP2/0E6p? ne
hydr ochl ori de or | ercanidi pine hydrochloride crystalline Form (1) in a
protic polar or an aprotic dipolar solvent containing up to 50% by wei ght
of water to produce a solution; e"") sgggrring the solution of step d"")
until the concentration of |ercanidipine hydrochloride dissolved in the
crystallization solvent is <2% and 15 f"') recovering the solid of step
a"") to produce lercanidipine Form (Il). 57. The nethod of claim 56,
further conprising irradiating wth ultrasound and/or adding crystalline
seeds of Form (11)0Q.o sThgmgthed of clgim Fhevhaseindle deohol selvemds salepted Epm
conprising adding up to 60% water to the solution of step d'"'). 20 59.
The net hbd gofupcioasistirgsof nadtharel, mthianel, prpyopanoh ddopropendlvent i s an  al cohol
sol vent. WD 03/014084 PCT/ EP02/ 08699 66 60. The nethod of claim 56,

wherein the al cohobl.sol Vigninethtd Sl isitnesh, fwindibint the affobid RIipEIaS st dn Gs B-
met hanol , et hanol, n-propanol, isopropanol. 61: -The nethod of claim 56,

wher ei n 146 12115)3_ Fr%ﬂd& di pol ar solvent is N nethyl-pyrrolidone. 5 62. The
nmet hod ol#l CY m 56, n\/\/nerei n the tenperature of said step d"") is between

tzgkgrs%dprgge 63. Th&. mtﬂ%dmgt{w& lof:;1 (izlgllmS 96, v\(f\ﬁle%i%itﬂe t%tfr{prerrai ! oif rs]aiaes‘{eg ds’t’)el‘g a'")
between 20 and 70°C.
63.  The method of claim 56, wherein stirring in said step ¢™) takes place
at a temperature between 20 and 25°C.
64.  The method of claim 56, wherein drying in said step ) takes place
10 at 70°C. 65.  An antihypertensive pharmaceutical composition comprising
(1) crystalline lercanidipine hydrochloride énd optionally other forms of lercanidipine,
wherein the crystalline lercanidipine hydrochloride is selected from the group consisting of
lercanidipine hydrochloride crystalline Form (I), lercanidipine hydrochloride crystalline
Form (II), and combinations thereof comprising a predetermined content of each crystalline
15 form, and (2) at least one component selected from the group consisting of a
pharinaceutically acceptable carrier or diluent, a flavorant, a sweetener, a preservative, a
dye, a bindef, a suspending agent, a dispersing agent, a colorant, a disintegrant, an
excipient, a lubricant, a plasticizer, and an edible oil..
66. A unit dosage form comprising the antihypertensive pharmaceutical
20  composition of claim 65.

67.  The unit dosage form of claim 66 wherein the dosage form is a

~ lercanidipine immediate release dosage form.



at a tenperature between 20 and 25C. 64. The nethod of claimb56, wherein
drying in said step f"') takes place 10 at 70C. 65. An anti hypertensive
phar macewpaab1wsenposition conprising (1) crystalline | ePcarmipdd/picoe

hydr ochl ori de and optionally other fornms of |ercanidipine, wherein the
crystalline | ercanidipine hydrochloride is selected fromthe group
consisting of |ercanidipine hydrochl g7 de crystalline Form (I),

| er cani di pi ne hydrochl oride crystalline Form (l1), and conbinations

t hereof conprising a predeterm ned content of each crystalline 15 form and
(2) at |east one conponent selected fromthe group consisting of a

pharmaceutical ly aggeptabl e rier,or diluent, a.flavgrant, a _sweetener, a
preservative, a d %‘, a‘?% Hﬁ@?zf,’osges{?%e%FﬁBna@eWth?my ﬁresg%%? fRMLded, a
colorant, a disintegrant, an _excipient, a lubricant, a plasticizer, and an
edi bl e dpycanidgyne nga{wqdralggsgg@sqg@r #%&onpri sing the anti hypertensive

phar maceutical 20 conposition of claim®65. 67. The unit dosage form of

cl aim 66 wherein t6 dokgyemitodosags forml ef celaindi 6 rvehersimethicatiesage| forne
dosage form WO 03/014084 PCT/ EP02/ 08699 67 68. The unit dosage form of

cl ai m 6Gonpeised B lbRanidiifeginhediife irgledse pldse Mt RiroRidipint ufigided ebl8aARe
dosage form- 69. The -unit dosage formof claim®66 wherein the- dosage form
conprsi Sghagk | er cani di pi ne i medi ate rel ease phase and a | ercani di pi ne

sust ai ned rel ease 5 phase. 70. The unit dosage form of claim66, wherein

the conposition CRIPT i"ﬁ%s ugitld(t)s%géloﬁ’)mqg olfecr:lgl%?i éié,piw grelqydcﬁgccrgn%oim fon
comprises 0.1 to 400 mg lercanidipine hydrochloride.
71.  The unit dosage form of claﬁn 70, wherein the composition
comprises 1 to 200 mg lercanidipine hydrochloride.
10 72.  The unit dosage form of claim 71, wherein the composition

comprises 5 to 40 mg lercanidipine hydrochloride.

73.  An antihypertensive composition comprising predetermined amounts
of lercanidipine hydrochloride crystalline Form (I) and lercanidipine hydrochloride
15 crystalline Form (II).
74.  The antihypertensive composition of claim 73 wherein the
lercanidipine hydrochloride crystalline Form (I) has a melting point of about 197-201°C
and the lercanidipine hydrochloride crystalline Form (II) has a melting point of about 207-
211°C, when said melting points are determined as DSC peaks.
20 75, The antihypertensive composition of claim 73 or claim 74 wherein

the ratio of Form (I) : Form (II) is between 1:9 to 9:1.



71. The unit dosage formof claim 70, wherein the conposition conprises 1
to 200 ng | ercani di pi ne hydrochloride. 10 72.. The unit dosage form of

cl ai m 71, watvapeioss t he conposition conprises 5 to 40 ng | ecearodigsine
hydrochl ori de. 73. An anti hypertensive conposition conprising predeterm ned
amounts of |ercanidipine hydrochloride crystalline Form (1) and

| er cani di pi ne hydrochl oride 15 crysta®ine Form (11). 74. The

anti hypertensive conposition of claim73 wherein the | ercanidipine
hydrochl ori de crystalline Form (1) has a nelting point of about 197-201 C
and the | ercanidipine hydrochloride crystalline Form (Il) has a nelting

poi nt of about 20776.211Tke aiBpefidisie ®ntdodRiono et er as DSC
peaks. 20 75. The anti hypertensive chnpo I t?lgﬁ dof:‘}'tl%ipg& ol W&el 5@9

wher ei n a orm .S b 9.to 9:
03/014081516%? EIITD%&) ga)aggélgaéédéf%m‘%w%‘ 3151 ‘?? ghﬁe’?"} i&n%@n@lc% of claim
75 wherein the rat T 8%% m(II) |s sel ected fromthe group
consi sting of O: 1 he Jfo% r&?fﬂdlfl@ crystal. Fornmofeanyiane lofcladgms 25, 26,

.ler canlﬁgga# cr yst aI Form of anyone of clainms 25, 26, 27 or 28

conpri si RS Perveragr pariclesizsfof D (59066)2-8 utr s DY) < 99, < 15 gm

5 78. The antihypertensi ve pharmaceutical conposition of claim®65 wherein

sai dJl er cani di pi ne7&y dr'Behlantihyhertensyed aitatmigeeléars cérh osi’tﬂgl (o'f| ):laﬁﬁ‘CBShave
an average particle size of D (50% 2-8 mand D (90% <

wherein said lercanidipine hydrochloride crystalline Forms (I) and (II) each have an

average particle size of D (50%) 2-8 um and D (90%) < 15 pm.



