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[02] Methyl  1,1,N-trimethyl-N-(3,3-diphenylpropyl)-2-aminoethyl ~ 1,4-dihydro-2,6-

dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate (INN: Lercanidipine), depicted below,
is a highly lipophilic dihydropyridine calcium antagonist with long duration of action and

high vascular selectivity.

[03] The hydrochloride salt of lercanidipine is commercially available from Recordati
S.p.A. (Milan, Italy). Methods of making both lercanidipiné free base and its hydrochloride
salt have been ‘described previously aiong with methods of resolving lercanidipine into

individual enantiomers in US 4705797, US 5767136, US 4968832, US 5912351 and
US 5696139. '
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[06] “DSC”: leferentlal Scannmg Calorimetry

[07] “amorphous” is used to describe compounds having no substantial crystal lattice
structure, which is characteristic of the solid state. Such compounds present DSC plots with
characteristic broad endothermic transitions, defined as glass transition, in place of the
sharper exothermic peaks characteristic of crystalline compounds.

[08] “crystalline” is used to describe compounds having a melting point and x-ray
spectra characteristic of crystalline forms. Such compounds present DSC plots with
charactenstlc sharp exothermic peaks.

[09] “lercanidipine besylate”: an acid salt of lercanidipine and the benzenesulphomc acid
counterion in 1 to 1 molar ratio.

[10] “lercanidipine napadisylate”: an acid salt of lercanidipine and the naphthalene-1,5-
disulphonic acid counterion in a 2 to 1 molar ratio.

[11] “polymorphic” or “polymorphism”: a property of a compound to exist in two or
more forms with distinct structures. The different crystalline forms can be detected directly
by crystallographic techniques or indjrectly by assessment of differences in physical and/or

chemical properties associated with each particular polymorph.
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[13] Preferred lercanidipine salts according to the invention are the L-lactate, cinnamate,
salicylate, maleate and saccharinate salts. Most preferred lercanidipine salts according to the
invention are lercanidipine besylate and lercanidipine napadisylate. These preferred and most
preferred salts can all be prepared in amorphous form; lercanidipine besylate and
lercanidipine napadisylate can also be prepared in crystalline form.

[14] Crystalline lercanidipine salts of the invention may be present as polymorphs.

[15] The lercanidipine salts of the invention may be present in solvated and hydrated
forms. Such solvated or hydrated forms may be present as either mono- or di- solvates or
hydrates. Solvates and hydrates may be formed as a result of solvents used during the
formation of the lercanidipine salts becoming imbedded in the solid lattice structure. Because
formation of the solvates and hydrates occurs during the preparation of a lercanidipine salt,
formation of a particular solvated or hydrated form depends greatly on the conditions and
method used to prepare the salt. Solvents should be pharmaceutically acceptable.

[16] Crystalline lercanidipine besylate has a pale yeﬂow colour and exhibits good
stability. Its solubility.'in 0.1 M HCI at 22° C is from about 25 to.about 35 mg/l ‘and more
specifically about 30 mg/l. This compares to the sofubility of crystalline lercanidipine
hydrochloride in the same media of about 10 mg/l. The melting point (DSC Peak) of

crystalline lercanidipiﬁe besylate is within the range of about 170°C to about 175°C, more
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more partlcularly less than about 0.2 % mass. Crystalline lercanidipine napadisylate may be
prepared such that residual solvent content is from about 2.5 to about 5% (w/w) mass and
more particularly less than about 4% mass. These crystalline lercanidipine salts forms can be
isolated with a purity as high as 99.5% and a residual solvents content of <3000 ppm, but léss
| pure (and/or with higher solvent or water content) forms can also be obtained by methods
well known in the art. Pharmaceutically acceptable levels for each impurity are generally
<0.1%; for organic solvents they range from 5000 ppm to 2 ppm depending‘on toxicity of
each solvent. The lercanidipine salts of the invention can be purified by crystallization from
different solvents and the solvent content can be reduced by drying under controlled
conditions or azeotropic removal.
[19] The properties of the amorphous lercanidipine salts of the invention are distinct
‘from those of the mystallme forms mcludmg the besylate, napadisylate and hydrochlorlde

The amorphous lercanidipine salts ‘are characterized by the absence of crystalline material,

. even after repeated crystallization attempts using a variety of solvents and crystallization
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-(b) i_r%%bin&%aﬂlr&ggﬁé‘ ?Jl%At,ythereby isolating the resultant lercanidipine salt; and
(c) recrystallizing the isolated lercanidipine sait in at least one of two successive steps,
regardless of sequence, from a solution of the lercanidipine salt in -
(i)  an aprotic solvent; and
(i1)  a protic solvent;
thereby isolating lercanidipine as its substantially pure crystalline salt. Further purification
éteps may include washing at different temperatures with different solvents or again

recrystallization from different or mixed solvents.

Pharmaceutical Compositions

[22] The invention further provides a pharmaceutical composition comprising an acid
addition .salt according to the invention.in admixture with a pharmaceutically acceptable
excipient and/or carrier. Excipients may include diluents, flavourings agents, sweeteners,

preservatives, dyes, binders, suspending agents, dispersing agents, colouring agents,
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[26¢ OUNtSRIthiSIB bitidesOihviade | ktaroR; gelatin; natural sugars, such as glucose, sucrose and
lactose; corn sweeteners; natural and synthetic gums, such as acacia, tragacanth, vegetable
gum, and sodium alginate; carboxymethylcellulose; hydroxypropylmethylcellulose;
polyethylene glycol; povidone; waxes; and the like.” Preferred binders are lactose,
hydroxypropylmethylcellulose and povidone.

[27] Suitable dlsmtegrants include starch (e.g., corn starch or modified starch) methy!
cellulose, agar, bentonite, xanthan gum, sodium starch glycolate, crosspovidone and the like.
A preferred disintegrant is sodium starch glycolate. ‘

[28] Suitable lubricants include sodium oleate, sodium stearate, sodium stearyl fumarate,
magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and the like. A
preferred lubricant is magnesium stearate.

[29] - Suitable suspending agentsi include bentonite, ethoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,  aluminum
metahydroxide, agar-agar and tragacantﬁ, or mixtures of two or more of these substances, and

the like. A preferred suspending agent is microcrystalline cellulose.
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liquisprage dvepre rmacelesauioneeer avicss oF supepitegies- Unit dosage forms may
be al?s%ldo c():'rn%lraﬂ, I};arén grget Pnrtranasal, 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 dosage form,
most preferably a solid oral dosage form, therefore the preferred dosage forms are tablets,
pills, caplets and capsules. However, parenteral preparations also are preferred, especially
under circumstances wherein oral administration is cumbersome or impossible.

[37] Solid unit dosage forms may be prepared by mixing the active agents of the present
invention with a pharmaceutically acceptable carrier and any other desired additives as
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 agents are dispersed evenly throughout the composition. In this case, the
compositions can be formed as dry or moist granules. '

[38] Tablets_ or pills can be coated or otherwise compounded to form a unit dosage form .
which has preferably, a modified release proﬁle. For example, the tablet or pill can comprise
an inner dosage and an outer dosage component, the latter being in the form of a layerl or

envelope over the former. The two components can be' separated by a release modifying
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inhibitors and/or diuretics. [24] Both crystalline and
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m croni zation, using any nethod known in the art. In

one enbodi nent m croni zation ‘r%ay be carried out by a
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areDh SO0 Witk mpo@)ﬂ%tﬁzr adly po@@?&@f) <dHréMetond 03017 RiréHY butyric acid,
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) C al .oe v e toin; glycerin; vitamn A

dmgh%’% ‘i’]f’gk C?ﬁo r r?o Yc?r nmyri styl propionate;

[407R9NE%ir l-li@uﬁﬁﬂ@@@éltf@rmsp Hieassive BuphrosRb at eheiv pERficibpieally acceptable
oil; animal oil; and solketal. [26] Suitable binders

salfsref bepsiolt Wi reluties, sespsnsiom ey prablsiongaptionally sithdle usually employed
sul% 318 ?lgclllls %.’sc rsgﬁlﬁllﬁglg Ieﬁiﬁlis‘?ﬁeqs of WtRerSWRES £1AET S%ol%'ﬁty rf94 the active
and synthetic

as acacl a, tragacant
conibigetiais endjulm candspsndingm}@lsxgldgmaﬁy acceptable salts, can mclude water,

car.boxynet h ceIII hyd | met I I .
oo Gk 1 SR SSUBAE BTN SR T naciionay,

suéElF e18fibR%sueh rég SR & hAKHiP Solutions may be used. A mixture of the various
ydr oxypropyl met hyl cel | ul ose and povidone. [27]

sol@erits migh@onrtidshant Bgthanbesused ¢ u@@rcssleatrlnhen(t@ng corn

[41 teﬁ{ y tl(r)% irgﬁlh %a%eh% 022) Irsrﬁfﬁggltc rlgctg fé# ?/ii%l'yaﬁ%a present invention.
Treak@SHAD YoreBNAay Bl atdiudiok @rivéh Ragliemia dyaerﬁl (Ra@@leAni] patch) using
eltlie? asf{)u?cli lfleggersvto?rrcgrha rlug (1:r(1) lac?lgeeswe matrix system. Other transdermal dosage forms
include, but are not limited to, topical gels, lotions, ointments, transmucosal systems and
devices, and iontohoretic (electrical diffusion) delivery system. Transdermal dosage forms
may be used for timed release and sustained release of the active agents of the present
invention.

[42] 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
vegetable oil. Injection may be, for example, intravenous, intrathecal, intramuscular,
intraruminal, intratracheal, or subcutaneous.

[43] The active agent also can be administered in the form of liposome delivery systems,
such as small unilamellar vesicles, large uniiamellaf' vesicles and multilamellar . vesicles.
Liposomes can be formed from a variety of phospholipids, such as cholesterol, stearylamine
- or phosphatidylcholines.

[44] The cfystalline compounds of the present invention also may be coupled with

soluble polymers as targetable drug carriers. Such pblymers include, but are not limited to,



[28] Suitable lubricants include sodium ol eate, sodium
stearate, sodiumstearyl fumarate, nagnesi um stearate,

WG odsom3benzoat e, sodi um acetate, sodi um chl or PABEERZVAS/009043
the like. A preferred lubricant is magnesi um stearate.
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[53] Figure 8 depicts FT-Raman pattern of comparing amorphous and crystalline

lercanidipine besylate.

EXAMPLE 1: Preparation of amorphous lercanidipine besylate

[54] A stock solution of lercanidipine free base was prepared by dissolving 181.7 mg of
lercanidipine free base (Recordati S.p.A., Milan, Italy) in 0.2 ml tetrahydrofuran (THF). An
acid stock solution was prepared by dissolving 65.3 mg benzenesulphonic acid in 0.1 ml
THF. An equimolar mixture of the lercanidipine stock solution (0.2 ml) and the acid stock
solution (0.072 ml) was prepared. All of the solvent was removed under vacuum. Upon
removal of the solvent a glassy film, characteristic of amorphous material, was observed.
The amorphous material was dissolved in methanol (MeOH) and seeded with crystalline

solid, resulting in a pale yellow crystalline material.
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[57] The solvent was allowed to evaporate under ambient conditions. After 4 days a
glassy film was observed. The glassy film was dissolved in 0.15 ml ethyl acetate (EtAc).
After 8 days ho precipitate was observed. Again the solvent was evaporated and a glassy
film developed. The glassy film was dissolved in 0.05 ml tert-butyl methyl ether (TBME)
and the sample was allowed to stand closed at room temperature for 6 days. No precipitate
was observed at this point.

[58] An additional 0.05 ml TBME were added and the sample was subjected to
temperature cycling (20-40-2b°C, 5 cycles, 2 hours rise time and 2 hours fall time, 10 minutes
isotherm peripds at 20 and 40°C). No precipitate was observed and the solvent was
evaporated under a gentle nitrogen flow.

[59] Following evaporation of the solvent, a sticky sample was obtained. The sample
was stored under vacﬁum for 24 hours. The sampfe was suspended in 0.05 ml methanol

(MeOH) and the sample was stored closed at 20°C. The sample produced a viscous liquid
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[62] A larger scale production has been performed as follows. A solution of 48 g of
lercanidipine free base in 96 mlvof methanol was added with 12.7 g of benzenesulphonic acid
“in 22 ml of methanol at room temperature. The resulting suspension was filtered and
evapofated at 55°C to a final volume of 50 ml. The solution was then seeded with crystalline
lercanidipine besylate, and allowed to stand at room temperature for 24 hours, followed by
storage at 5 C for 6 days. The resulting compact mass of crystals was collected by suction ,
washed with 2x40 ml of methanol and dried under vacuum in the presence of P,Os. 51.1 g of

lercanidipine besylate was obtained.

EXAMPLE 3: Preparation of crystalline (and amorphous) lercanidipine napadisylate

[63] A stock solution of lercanidipine free base was prepared by dissolving 169.6'mg of
Iercanidipine free base (Recordati S.p.A.) in 0.82 ml -methanol (MeOH). A solution was
prepared by mixing 0.2 ml of the lercanidipiﬁc free basé stock solution and 6.195 ml of
aqueous naphthalene-1,5-disulphonic acid (50 mg/ml). Upon mixing, a precipitate was

observed. The precipitate was dissolved by the addition of 1.0 ml MeOH. The sample was.
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18 ﬁ g‘alr.‘/éta§ wapicelectembyBlenrepatugatian apd dried wndes vacuum. - .
6 ey Qi PF PR PRy PRE St DRI RBRAAS papadicylate was
obtnmpddl $J¢ra¢rgal analysis revealed that the crystalline salt had a composition of
CsHooN6O 5S> (MW 1511.76, non-solvated) which corresponds to an acid to free base ratio
of 1:2 (mol/mol). The salt occurred as a hydrated dimethanolate and displayed a total mass
lbss 0f 4.1% (0.4% H;O loss and 3.7% MeOH loss) as determined by TG-FTIR.

[66] Amorphous lercanidipine napadisylate is produced by rapid evaporation in vacuo of

the solution obtained in this Example 3.

EXAMPLE 4: Preparation of amorphous salts and attempts to form additional
crystalline lercanidipine salts

[67] A salt screening was performed using a number of colnterions and lercanidipine
free base in order to determine which, if any, counterions were capable of producing
crystalline lercanidipine salts. The screening experiments involved the investigation of
eleven counterions; acetate, cinnamate, fumarate, L-lactate, DL-lactate, L-malate, maleate,
DL-mandelate, mesylate, sulphate, and tosylate. Several crystallization attempts were made
with each of tHe counterions. None of the counterions were capable of producing crystalline
lercanidipine, éven after s‘e\./eral, attempts. The general experimental scheme used in the
screening of each of the eleven counterions is discussed in detail below. The choice of
crystallization techniques was influenced by the known difficulty in obtaining crystalline

lercanidipine and therefore, sufficient storage times and slow processes were chosen.
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[70? Elt eo(%l}eqqlggsr &Wellxglg&kph?ecﬁé Qés% hh %Cl(d'vﬁ%ﬂ) solfi {daRg. mixed, accounting

for the stereochemistry of the acids, as well as the molar ratios of acid to base. No precipitate

“was observed upon mixing of the stock solutions. Samples were stored closed for 24 hours at
25°C, followed by additional storage for 24 hours at 4°C and 24 hours at -18°C. No solid was
observed after storage.

[71] Solvent was removed from the samples by evaporation under ambient conditions.
After four days, a glassy film was observed. The glassy film was dissolved in acetone and
allowed to stand at room temperature for two days. No precipitate was observed. Samples
were allowed to stand for an additional six days and again no precipitate was observed.

[72]  Solvent was evaporated under a gentle nitrogen flow and a glassy film formed. The
glassy film was dissolved in tert-butyl methyl ether (TBME) and the sample was allowed to
stand at room.tcmperature for six days. Additional TBME was added to the sample and the
sample was subjected to temperature cycling (20-40-20°C, 5 cycles, 2-hours rise time and 2
hours fall time, 10 minutes isotherm periods at 20 and 40°C). No solid was observed and

again solvent was evaporated under a gentle nitrogen flow.
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Exa'mp_le 4b. Counterion Dissolved in Methanol

[75] Additional salt screening experiments were carried out by preparing separate stock
solutions of lercanidipine free base and acid. Stock solutions were prepared by dissolving

lercanidipine free base (Recordati}S.p.A.) in TBME and the respective acid in MeOH, as

follows:

Stock Solution | Selute Solvent
Lercanidipine 223.7 mg lercanidipine free base 0.8 ml TBME

L-lactate 14.6 L-lactic acid 0.2 ml THF
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Salt form | Proposed formula | Elemental TG-FTIR | FT Solubility
Analysis (mass Raman in0.1N
loss) spectrum | HCI
L-Lactate | CigH4iN3Q6.C3HgO; | Caled % : C 66.5, | 1% agrees 85 mg/l
0.2 MeOH H6.8,N59 (MeOH) with :
Found % : C 66.5, proposed
H6.6,N59 structure

EXAMPLE 5: Preparation of amorphous salts and attempts to form crystalline
lercanidipine salts

[79] In addition to the salt screening experiments described in Example 4, single
attempts to form crystalline lercanidipine salts were carried out for an additional twelve
counterions: citrate, mucate, gentisate, gluconate, 2-oxo-glutarate, phosphate, saccharinate,
'saliéylate, L-taﬁrate, terephtalate, malonate, and oxalate. A single attempt to form crystalline
lercal;idipine salts was made using each of the twelve counterions. None of the twelve
counterions were capable of producing Crystalliné lercanidipine salts, and few of them

produced characterized amorphous salts. The general experimental scheme used in screening
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Salt form | Proposed formula Elemental TG-FTIR | FT Solubility
Analysis (mass Raman in 0.1 N
loss) spectrum | HCI
Saccharin | C36H4iN306.C7HsSO3 | Caled % : C 64.4, | 1.8% agrees 72 mg/l
0.5 MeOH H 6.0, N 6.9, S| (MeOH) with
3.9 proposed
Found % : C 64.1, structure
H 59, N 638, S
3.8
Salicylate | C36H41N306.C7HgO3 | Caled % : C 68.1, | 2.5% agrees
0.6 MeOH H6.5,N5.5 (MeOH) with
Found % : C 68.1, proposed
H64,N5.7 structure
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acids, as he nolar ratios of acid to base. No
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following conditions: 10-15 mg of sample were placed on a quartz or platinum holder, the
holder was placed in-turn on a microbalance, and the sample underwent humidity cycling
between 0 and 95% relative humidity (RH) at 25°C (50-95-0-95-0-50% at a rate of
5%RH/hr). The results of the hygroscopicity analysis are summarized in Table 1 below.

TABLE 1
Chemical Composition of amorphous and crystalline lercanidipine salts
Salt Elemental Residual Solvent Hygroscopicity

: Composition
Amorphous besylate C43Ha7N300S 2.8% (MeOH) non-hygroscopic
Crystalline besylate C4oHa7N309S 0.2% non-hygroscopic
Crystalline CgrHgoNgO18S3 hygroscopic
napadisylate 3.7% (MeOH) 0:4 % H20

EXAMPLE 7: Solubility of crystalline and amorphous salts of lercanidipine

[88] The solubility of crystalliné lercénidipine besylate, napadisylate and hydrochloride
and amorphous lercanidipine besylate was evaluated by UV-Visible spectroscopy in aqueous
0.1 M HCI (pH 1) at 22°C. Suspensions of approximately 0.3 mg/ml of the respective

compounds were prepared in an aqueous 0.1 M HClI and equilibrated by shaking for 24 hours.
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Addi tional salt screening experinents were carried out

E}&}/M%%gr kﬂ%aﬁ%’ﬂ%‘&% of l%(t)v%? ‘(ercanidipine salts

[90] The novel lercanidipine salts were analyzed using FT-Raman spectroscopy. 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.

fo1j The following Tables 3, 4 and 5 show the most significant peaks of Raman spectra
for crystalline ]ercanidipine besylate and napadisylate, respectively, as well as amorphous

lercanidipine besylate.



sol utions of |ercanidipine free base and acid. Stock
sol utions were prepared by dissol ving | ercanidipine

wo e@e/obasse (Recordati S.p.A) i

n TBVME and t he PCT/EP2005/009043

respective acid in MeOH, as follows:[76] Aliquots of
| er cani di pi ne free base and @8 d stock solution were
m xed, accounting for the stereochem stry of the

acids, as well as the nolar ratios of acid to base.

No

preci pitate was observed ugon m xi ng of the stock

sol utions. Sanples were st

osed for 24 hours at

250C, followed by additional storage for 8 hours at
600C and si XR4laatsspetirdi Gf ciVetaioleiletcamdipoledesvied af t er

to the sanple, followed

storage. [77] Water was added
by—evapor ation of the §o|vent
cgndi ti o¥avesumper G days,

under angpient .
a gl assyq;foef‘ﬁ ARigRutY.

observed.” The ggipl e was stor

ed under vacuyg for 24

hgurs—The gi= y4|||rrTwas digsoived in Me@d and
stleret—etoset—{prr 24 hours at200C After ZZ2hours a
stieky—rass—was- gpservet—butno—sot-d—part rctes were
oh | e was—storedfor—an—additional—two
days and agai r{812n1 solid particles were observed-

Sdl vent was rdRP8d fromthe

sanpl e by st orVage under

vacuum for 24 183dbPs. No cryst

2l i ne naterldi M@S

observed fol | am&g renoval of

the solvent. 178] The

prilesent exanpligey.nel ded | erca

ni di pine L-laabate. The

chemcal” conpqsygbon of the salt of the present

exanpte was dqygygined by efe

rental anal ysipg,

t hermogravi Ilb‘l.ll35},8dlldl YSIS CO

Jpl ed to |nrra,sred

S O ; ith-water—absor
e nhale I&Q?Zr\ mnder

Jll on dndlybl o The

act

Wt
T PO Oo AT UTTragaCT vwCeTTt

FT A nd-was

Al
pllyal cal LCD[I nmy—usS
1
T

g
cllhl nr\fnﬁLtnnlnl Hot

I
Ltz
T

tdsting. The ﬂégﬁﬁtq of physi

1
uuuuu \PAV | U SUT U

Y
cal f est | rm_aTr%

sunmari zed bell6#3.9EXAMPLE 5:

breoaratlon of™ anor phous

sdlts and attéﬁﬁié to formecr

stal line Ier@anldelne

sdlts 1609.9

1647.8

1683.0

2925.7

2956.0

2972.9

2991.1

3000.0

3023.3

3042.1

3064.0

3075.4

mm-BEBEmemmm

* m= moderate; s= strong, vs =very strong




[7
de

an
ge
sa
ma

crystalline

th
we
sa
a

in
de

Cry

9]
scribed in Exanple 4,

addi tional twelve counteri
nti sate, gluconate, 2-o0xo-g
ccharinate, salicylate,
| onate, and oxal ate.

|erfanldlol

?e sa

k‘-_-

e twelve

In addition to the salt screening experinents
single attenpts to form
w@eoysdzi3bT ne | ercani di pine salts were carried PUL/EPDNS/009043

?E§:
tar
L-tartrate,
AS|M@EEttemﬁ toform

citrate, nucate
ate, phosphate,
t erepht al at e,

g.,£ach of

de "usi
H Eri ons

e capabl'e of “producing Crys
ts, an¥avewustber k&mpr oduce

talTine [ercanldlplne
d char actesk ingepsity

rphous sal TS fhe generar &

Xperimental sgheme used

Screenlngeaqupr the—count

rions i s GISCM§S€G in

dT —betow. i F7CﬂUI ce of Tr

ysta|1|zat|on‘recnn|ques

uci bUUQ—’Hj I.I]U KIIUVVII UI
H .a.-.l

ok nnw\;

IIILUI[y T Ob)ll.dTﬂTllg

[ TTCTrTlnmn

rnrmné“f’nn of _each_g

ni_cal

f the salt wad

t er ni ned u3|ﬁé0élenental an

ysis, thernoffravinetric

al ysis coupl 68820 infra-red

spectroscopy,Mand wat er

sorpti on analbysits. The salts

were also subjected to

sical testifdg7.dsi ng FT- Rang

\n_spect roscopy and

derwent sol ubdt.ifty testing.

[81] A stock mol ution of

rcani di pi ne 8as9prepared by {di ssol ving 530 ng
rcani di pi ne Rse£e base (Recorldati S.p.A ) mn 2.67 n
thanol (MEOHpg5 70 screen forf crystal fornmgtion
iquots (0. T o) 401 1 ercani dijpi ne St oCK sojuti on were

m xed Wth an ghg as described below. [82] fach of The
sanptes of the; pEgsent exanpi g were handted,,
[ deﬂ’f—r-ca'l—l—y.—%lo combining-trhe—tercanidipj,me free
ase—and—the—¢ Sgﬁ"ﬁoﬁdiug cotunterton;,—the sanple was

al l-ewed—to s%a17431eseé=a% 1gocfor—two dﬁﬁs' After
t days—no—pr ?%taeW%\A$%%+ﬂaw.ﬁ{%e
S . Asgﬁﬁﬁes werethedallowed to-stand—open
under_anbi ent gﬁiLi ons m

1345.6 Vs

1384.4 m

1400.8 S

1450.7 m

1462.5 .m

1477.7 S

1519.8 m

1528.0 m

1572.0 S

1581.4 S

1603.1 m

1613.9 m

1648.6 S

1669.4 Vs

2951.9 s

2985.2 S

2997.0 S

3025.5 m

3062.4 s

~* m= moderate; s= strong, .vs =very strong




for 8 hours followed by storage at -180C for an
additional 5 days. Again no precipitate was observed
wa@toosloeizend of the storage period. The sanpl eSP@EER2005/009043
then stored open under anbient conditions for 15 hours -
foll owed by an additional 2 d¥s at -180C. No
preci pitate was observed in any of the sanples after
storage. The sol vent was rqmuBIgElsfrom each of the
sanpl es under vacuum and the remai ning solid was
stored cl osgg, ] oPhmbiioad feRIRIdIpihO bR
crystalline |p|ne sal'ts TromTercanidipine
f ree—base—and—the—counterionsyof—the present—exanpte

failed t(Ww@dumbea(tyn Orystal ||i e mat eli’eadxlmteﬁlaréy *

ol .
priesent e,\u..p.% aS—wWer—asS—e€xP
£

Exanple—4, dn”_,4clLr ate the dif

u DIPdI ct abi i 14P-&f formng crys talline salts of

| dr cani di pi ne. 24%4] The presemt exanple yidPded two
anpr phous sal t3144 | er cani di pi ne: sacchari nate and
sdlicylate. The&ltheni cal conposition of each salt of
thHe present exzapde was determ ned by el enent al
anal'ysis, thergpgravinmetric analysis couplead to

i nfra-Ted SpecgFpgcopy. Each anor phous saltpjal so
under-went plly599;fi7 test an USI ng FT1- Raman s&ectroscopy
ane—was—stbj eq rél o—sottubiti Ty testing.—Thg Tesutts

bhaol cvvy EVAMNDL E .
of —ph‘)’ﬁc cal—t oW Tt=XAIVPCE 0

em._cal conp

|A|u|| o
| er cani di pi np IQ,%fHOq 1 8'—'\1 Thp el pr‘rp,m_a,l_goﬂgias.i_x_i_gn_g.t__

bdth_anor phoud1ahd crystalling lercanidipidB salts was
det er ni ned usild§6dry conmbustion / thermal c®nductivity
and non di sperld8y8 IR detecti on. Results ofmthe
elienment al analjysl s are sunmariized in Table . [86] The
r ési dual sol'venbggont ent of both anor phous @nd
CryblaTllﬂe rq@ggalarb*ﬁé sal'ts was determged using
gravietric a|134 §i s coupted- [n an |nrra\{§edﬁ||-<)

kbt 2ze~rh _Thar T VA — S B

— et )uaT ance ZOH oer D
H Nnlwa th A t F vmi'_nir

ectiohret Cf 1%8% I
Germany—Selb) conb %..Jw tHh—a—sp ofrete H

Briuker_\ect or 1453 LEal | landen, Swi-tzerland) vwls used-teo

far_the anal yéf‘gzolhe anal ysi § m

1527.5 m
S
m

H 2ar
HY ] U DUIIIIC!.I | cu
[«
=

(.
q
g
¢
Lbd
TN
ko]
D
o}
D
3
2
<§|~

S oct ro

T~

|\
o0
\o o)

Py

1580.3
1588.4
1603.9
1646.4
1673.9
1700.5
2932.2
2950.2
2980.8
3002.6
3052.4
3063.6
* m= moderate; s= strong, vs =very strong
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were carried out according to the foll ow ng
conditions: 2-5 ng of sanple heated in al um num
wa@easiobizes under nitrogen at nosphere at a heat PODEPED&009043
of 10C/ m nute from 25C to 2500C. Results of the
gravinetric analysis are showdin Table 1. [87] The
hygroscopicity of both anorphous and crystalline
| ercani di pine salts was deterni ned by DVS anal ysi s
- EXISMPLE 9Vt Ray Biffecpioh pattend ofaowel @ysthine Mranidipimeshalts
System Ltd., Marion, Buckinghanshire, UK). The
[ognal YB}heSXWBy Glffraétidrﬁ;ﬁhtﬁﬁis oﬁ@;ﬁﬂtadin&glet(ﬂnidhﬁné bédytant mod napadlsylate

condi tions:; 10-15 of sanple were n_a qu
wegh obtaatqdﬂtﬁmawml’é’élepng}( \r‘T/péQ“QA&%qu i’g’\’u lﬂlf’dwdgh difractometer
h ist
R RSIRIERY 454 A0SR SyAOF B AL mg s s
anp pfev{dB-tBhtfer@bwith Spptiation of atsbglatf pr&sRid/ throptai helat sample ambient

results of h oscapi c SIS ar o
s AroaeE 1 OB FABERIOTOA 23 Yeh w0 FCrURIaPer Siep, 2-50 °26.
Th@@tﬁ'ﬂ@dj%p@&{% Gfey §lt1(ﬁ1nll '1Hq31h@(re§341 (ggés@la&g &l %S(Mﬁe) and the

. Solubility of cr | rne_and anor phous salts
coﬂr@poadmgupmneoepmpre cxsbﬂdulbl Tﬂlbﬂ‘;S ofnapagisylate) jand 7 (besylate) One

ercani di pir S I I e
e e e e
M iaBbet SHoeKt fooﬁﬁ)@p}éOJZD RGHRE, U\Srhﬂ)a theMeHEhe (itbhsidy @ﬁmdlwduals
2C. Suspensi ons of apprOX|nateI nmg/ M _of the R
peal@gp@cwrv/efr% sBRlsde SABPE: pré s i&uteﬁ S&ﬁﬁ%&h@%ﬂ@ea XpV (2002),
paé?? U|I|brated by shaking for 24 hours. Fol'l ow ng
|bra ion, the sanples were filtered (0.1 nm
fllter) and the concentrati on was determ ned
photonetrically using Perkin El nmer Lanbda -16
(Uberlingen, Germany). Reference neasurenents were
performed with 20% acetonitrile as a co-solvent. TABLE
2 Solubility in 0.1 MHO at 22C



[ 89]

It can be seen from Table 2 that both crystalline

besyl ate and crystalline napadi syl ate have | ower

waodoaho213pti es than t
seen from Table 2 t
crystalline salts v

he anorphous salt. It
hat the so%)fjbl lity of
aries greafly and that

can ed'EBEPIDE5/009043

t he
crystalline

besylate is substantially nore sol uble than either

crystal l'i ne hydrochl ori de diABkBadi syl at e.
Raman spectra of novel _
| er cani dipRDefsalstaflinsdecamidfizepadisylag FT- Raman

novel

| er cani di pi ne salt

EXAMPLE 8:
s [90] The

spectroscopy. A Bru

ker FT-Raman RFS|I OO

SpectT oneter w
t ypi cal nditions:

S R&Aﬁé@ﬁ%d&ﬂﬁ[ﬂ&ﬁe

about 10 nmg sanpl

Tol Tow ng angle
M.t hout any

“previ @s3 treat nent)

64 scan2 2 cm 1 resd

bl uti on. 400

mV | agdr9 power, GCe-

detector.1991] The fol

| owi ng TPt es

3, 4 ank 5 show t he

nost si gy ficant peal

(s of Rargp

Spect I‘@:}j or crystal

ne T ercgni dipine bes

syl at e angs?

||a|JdUI 8\»1]71 are I l:‘Spe

tTvety, g5 wett—as

2. D

P”OU31012

L oreant hao
Fl'l IIC UUDYI

Yine Lﬂj‘_r‘ﬂhl

7o RaTranT—sPeT

T

odyl At n l‘lf\L’\LL <

plTUIII UI 1413 4

[aVal

VS _V(a?é qtronnTARl

U('\J_y UACT o g Al

Ranm ectrum of

4

| er cani- aual ne naoad

r’ .
i sylate n® nnderate;

;;' Str nmllz 36q

=very &0rongTABLE 5

Ranan spéctrum of am

br phous_ 12.66

I ercang.di pi ne besyl

ate nm = #Aoderate; s=

strong, 13.67

=very gbr ongEXAMPLE

9 : X-Rayps Diffracti of

h patt er mg.20f

Tnovel segystal Tine Tercani dipgne salts [92] The Xi5gy
U|||TI :‘ on pdllELll PJT‘CTYSZ?II—I e Ter cani di pings gq
BE?FT%Zﬁ&“!Z,?TES?; 40 o gﬁﬂf,:glsgyfsjistggﬂg,1602
difractdeter LP::M_HQ%\ under |t L}_n £ ol 1830 Ag
typi cat2%onditions:| about 5 370 ng sanpl el (wi it houd6:75
5.12 10 17.32
5.04 6 17.60
4.77 4 18.62
4.67 7 18.99
4.55 5 -~ 19.51
4.46 5 19.90
4.40 10 20.20
4.23 100 20.98
4.16 21 21.34
4.11 97 21.62
3.96 64 22.44
3.83 14 23.21
3.79 6 23.49
3.68 16 - 24.19
3.61 9 24.64
3.56 8 25.01
3.44 3 25.90
3.29 3 27.07
3.15 13 28.34
3.10 38 28.82
3.06 9 29.14
3.03 16 29.52
2.86 3 31.30
2.44 2 36.82
2.35 2 38.29




any previous treatnent) with application of a slight

pressure to obtai
w@rowepizer e and Co
si ze,
spectra are shown
(napadi syl ate),

n a flat sanple,
pper Ka radiation,

in Figures 4 (besyl at

anbient air
0. 02 2Q BCERP2005/009043
2 seconds per step, 2-50.2Q The obtai ned

e) and 6

and the correspondi ng nai n peaks are

described in Tables 6 (nab®BALEY] ate) and 7 (besylate).
One skilled in the art will recognize that the

2Qual ues wil |l

FRTE bAdrlydallige Ie@dpaebes/lite Within a

range from about

0. 10 to about 0.20 degrees,

while the

Tetaty FITEensit
sanpl e Vo sanpl e.

N TR

may vahyy dddHeN

XXV (2002), pages

s _Pharmacopiea

2088- 20990 TABLE 6 XRD of crysbdllline

[ er cagudi pi ne nap

adi syl at eTABLE 7 XRD of cryst aBlsdne

Tercay di pi ne bes MPLE 16§: DSC anal ysis of 913
Trysta{ TTne tercan di pi ne pesylate and [napadi Syj@de
931 Jsre rett+ng—poirnts—of I he—tercanidrprne saj1 % of
the—Avention—andef—erysta--ne—tereanidiptne 12'77

| lyvzed usi-ng—di-fferential—
scanfihg calorinetry LDS‘C)39 DSC anal ysils nmeasur g0

chande$ t hat occu

r in a gilVen sanple wi

th heatikyg’3

where&.h t he chang

es identi2d transitiorn

_phases.14.23

Ent hglpy variatio

ns takingzplace in at

ransi ti orb.fthase

are gajcurated on

the basis, of the ared

L under ti1g40

EEEVS.L&me MoST ComTon Trapgsi i on phasegs are mejijng

ana gl et o fme—t cllpehf:llTJlE dal— Wi cn lldﬂSff, m
<t n_rf§ oncat T < Aran et bha At A 1 o V\?i%i_bln 4

ot art o UTTo Tt LI S grveT E LA AU LT L qﬁ4§
: : deviate frbmthebase-tnre{(Hex—
_poi nfy8 [094] DSC pf crystaldine |ercanildipi ne 18.55

besyHha&f/e:

4.040 np.

ys
of crv¥talline ler

ani di pi nk9-00

besyhdbe was pl ac

ed in a gbl den pan of

t he appal®at&s

Per kig2El mer DSC7

The heai ng speed d

Iri ng t het@st

was 38/ mn. [95]

DSC crysialTine |ercd

ini di pi ne2.35

mapaghgyrater 3.6

er cant diging

7 g of fgystalline |

4.03 - 31 22.07
3.96 72 22.47
3.83 53 23.22
3.79 29 23.45
3.70 19 - 24.05
3.53 10 25.24
3.45 10 25.81
3.42 11 26.04
3.26 7 27.36
3.23 6 27.62
3.11 16 28.73
3.00 7 29.77
2.95 4 3032
291 4 30.74
2.84 8 31.52
2.74 3 32.70
2.71 6 - 33.09

6 35.32

2.54




napadi syl ate was placed in a gol den pan of the
apparatus Perkin Elmer DSC7. The heating speed during
wo bwehesh7 was 10C/ min. [96] The data are sShownP@TIEP2005/009043
Figures 1 (napadi syl ate) and f (besyl ate) and the
characteristic points of the~ qures are briefly
sunmari zed in Table 8. TABLE 8 Melting point analysis A
EXVMPEECLOY IMBC hnaBsisadicdydalting lanamsdiftinobesy{a¢ and napadisylate
| ercani di pine, and (b) an acid counterion selected
[93f]r omTtheemgltimg ppcints sofSthie nigreadidipfrc) saihsoasfgﬁnai iavatiotisagnd of crystalline

P BT s i PR AP ToCo e ey (DSC).
DS& Qﬁ'ﬁ§/§1§3 ndakRRo Qh%éé@sthat%écnr tihe Elrv@f{'s%g‘fﬁh@‘ithtﬁ&tlﬁ@ Gherein the

counterion i s not y rochloric acrd
chaagel tdeonfysfaartsltamqmaansn gErttlmale ‘sanations Wkilftghplsfeﬂ in 4 ansifion phase are

calglgo té:ﬁ SR ﬁg{ﬁg& dé%ahvxb({éb e ctfryge JJA‘hCXlo ”IB ‘ta SthOI{ phases are

meR ol andGuiBlifhiafign.t The ke pBratureVdd it lichS@Adsition stitsaomdep h‘p lssgiven by the
benzenesul phonate of |ercanidipine in 1:1 nolar ratio :

poipkinswhigh feccureg sas Qidsvisee e yhebasy ling (flexpoig)
[94@lddl tlj o%aclr stfif® ﬁ&bz}}g%l &e%e@%l?ie ’ 4‘6‘30:&5; R (:try§t§111§q lercan1d1p1ne

rystalTine benzenesu nat e [ ercan pine’in
besyhit@vas placed {nad g&idmmaﬂoﬂ the apparatupPerkinblsydr 21K 7. ]She Wmt111g speed
aci d additio&ﬁzalt according to claim1, which salt is
durge QeishHEE Y GaBR-hal ene-

[95] DSC qrj/stalline lercanidipine napadisylate: 3.697 rﬁg of crystalline lercanidipiné
napadisylate was placed in a golden pan of the apparatus Perkin Elmer DSC7. The heating

speed during the test was 10°C/min.
[96] The data are shown in Figures 1 (napadisylate) and 2 (besylate) and the

characteristic points of the figures are briefly summarized in Table 8.

TABLE 8

Melting point analysis by DSC

Salt Melting T (Tpeak) [°C] Onset T [°C]
Crystalline Lercanidipine | - 172.6
Besylate 148
Crystalline Lercanidipine 149.8 98
Napadisylate ]
Crystalline Lercanidipine 198.7 179.8
Hydrochloride Form (I)
Crystalline Lercanidipine 209.3 169.0
Hydrochloride Form (II)




1, 5-di sul phonate of lercanidipine in 1:2 nolar ratio

(al so nanmed | ercani di pi ne napadi sylate). 6 . An acid
w@daeso2nr sal t accor di ng to cI aim 1, which sal PCI/EPR05/009043

crystalline naphthal ene- ?lsulphonate of

| ercanidipine in 1:2 nDIar ra% o (al so naned

| ercani di pi ne napadi sylate). 7. An acid addition salt
ClaxiM$ di ng to any one of the preceding clains, which

salt IS hydrated or solvated.8. A pharmaceutica

ositio ing an acid addition salt according

I ¢ rT%%F % &% iﬂeceding clains in adm xture with a
phar yuﬁm@g&hxn@§gﬁ@table exci pi ent and/or carrier.
9. A pharnmceutical conposition according to claim.8,

f ur t hel) c ampcideavgtarionsalsrigh prometheyaiper smsistiag of 19| ingrganic acids,
et hOd. f or Lgﬁpﬁéeg %rlt%% @ln) I%)ngca%& aLfdQ,tG(eéaJiﬁ:?r%r))éyl c amds (v)

| er cani di conmprisin

rﬁact I’] ng |tﬁéz(ra@x}dicpilcﬁ8 a/ndt(lm)armﬁmwbummntr&fdegn (ot her
t han hy rochlorlc acid) in an organjc, sqlvent .to form
a | Bithdhe B¥°di‘%‘?é hatghe ac‘% 9“‘?@%&5’\/‘? %@t Wﬁjéocgﬁlﬁéﬁﬁcé

sol vent, thereby isolating the resultant | ercanidipine

2. sal 5’&8‘ a@@)tloheéélﬁﬁcaidlﬁﬁz kN elatfel, i WIRLREEE is an amorphous L-lactate,
lercanidipine salt in at |1east one of two successive

st ee%na@%aga% S ﬁfaleﬁge@%g‘e&mnﬁgtgmr kd{ ﬁlgn of the

| er €ani ine rotic so ;oand (i)
a protic solvent

3. An acid addition salt according to claim 1, which salt is an amorphous
benzenesulphonate of lercanidipine in 1:1 molar ratio (also named lercanidipine

besylate).

4. An acid addition salt according to claim 1, which salt is a crystalline
benzenesulphonate of lercanidipine in 1:1 molar ratio (also named lercanidipine

besylate).

5. An acid addition salt according to claim 1, which salt is an amorphous naphthalene-
1,5-disulphonate of lercanidipine in 1:2 molar ratio (also named Iercanidipine

napadisylate).

6. . An acid addition salt according to claim 1, which salt is a crystalline naphthalene-1,5-
disulphonate of lercanidipine in 1:2 molar ratio (also named lercanidipine

napadisylate).

7. An acid addition salt according to any one of the preceding claims, which salt is

hydrated or solvated.



thereby isolating lercanidipine as its substantially
pure crystalline salt.

WO 2006/021397 PCT/EP2005/009043

8.

10.

28-
A pharmaceutical composition comprising an acid addition salt according to any one
of the preceding claims in admixture with a pharmaceutically acceptable excipient '

and/or carrier.

A pharmaceutical composition according to claim 8, further‘comprising lercanidipine

hydrochloride.

A method for the preparation of a crystalline salt of lercanidipine, the method
comprising the steps of: .

(a) reacting lercanidipine with an acid counterion (other than ‘hydrbchloric acid) in
" an organic solvent to form a lercanidipine salt;
(b) removing the organic solvent, thereby isolating the resultant lercanidipine salt;
and ' A
(c) recrystallizing the isolated lercanidipine salt in at least one of two successive
steps, regardless of sequence, from a solution of the lercanidipine salt in |
(i) an aprotic solvent; and
(i) a protic solvent;

thereby isolating lercanidipine as its substantially pure crystalline salt.



