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EXAMPLE 11 Preparation of lercanidipine hydrochloride crystalline Form (II) in

" aqueous N-methylpyrrelidone

__A suspension of 50 g of lercanidipine hydrochloride crude Form (C) in 30 ml of N-
methylpyrrolidone/water (1:1) was stirred at 20-25°C for 12 days. The solid thus formed
was collected by filtration and dried, yielding 40 g of lercanidipine hydrochloride Form
(D). Comparable results aro obtained using crude Forms (A) or (B) or lercanidipine
hydrochloride crystalline Form (T) as starting material.

EXAMPLE 12 DSC analyzis of lercanidipine hydrochloride crystalline Forms (I) and
1)

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 arca under the curve. The most common transition
phases are melting and sublimation. The temperature at which transition starts, onset T, is
gimbydmpointinwhichtbecmemmdevimﬁomthebueﬁm(ﬂmpoint):

DSC of Farm (I): 3.8 mg of Form (I) was placed in a golden pan of the apparatus
Perkin Elmer DSC7. The heating spocd 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. |

mmmmmrigmlmdzmmcchmmisﬁcpmmhgﬁgmm
briefly summarized in the following Table 1.



10

15

20

WO 03/014084 PCT/EP02/08699

37

lercanidipine hydrochloride Form (II). Comparable results are-obtained using crude Fom.n
(A) or (B).

EXAMPLE 9 Preparation of lercanidipine hydrochloride crystalline Form (II) in
agqueous 1-prepanol

60 g of lercanidipine HC] crude Form (C) was dissolved at 60°C in 100 ml of I-
propancl-HzO (8:2). After filtering by gravity the possible insoluble portion the solution
was cooled in two hours to 25°C and stirred for 120 hours at said temperature, with or
without scnication for 6 secands st 20 KHz and 100 Watts. The precipitste thus formed was
collected, obtaning 90% yield with respect to stuichiometric lercanidipine hydrochloride

" Form (fI) after a drying step. CompmblemﬂtsmobmnedmgcmdeForm(A)or

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

EXAMPLE 10 Preparation of lercanidipine hydrochioride crystalline Form (II) in
aqueous 2-propanol .

30 g of lercanidipine hydrochloride crade Form (C) was dissolved at 60°C in 100 ml
of 2-propanol-H;O (8:2). After filtering by gravity the poasible insoluble portion the
goltﬁmmmhdhhmhmmmmm&nmumdwwﬂh
or without sonication for 6 seconds at 20 kHz and 100 Watts, The precipitate thus formed
was collected, obtaining 85% yield with rospect to stoichiometric lercanidipine
hydrochlaride Form (1) after a drying step. The same rosult 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 (T) as starting material
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25 g of lercanidipine HC) crude substence or Form (C) was dissolved at 60°C in 100
m! of & mixture ethanol-H,O (8:2). The whole was filtered by gravity to climinate the
posaible insoluble portion and diluted with 100 ml of H;0. The solution thus obtained was
stirred at 25°C as such, or it was added with 0.1 g of lercanidipine hydrochloride Form (II)
or it was sonicated for 6 scconds at 20 kHz and 100 Watts, always at 25°C. Whatever the
choice, after 48 hours under stirring the precipitate thus farmed was collected and dried in
an oven at 70°C for 24 hours, obtaining 8 80-85% yield of Form (I). Comparable results
are obtained using crade Forms (A) or (B) or lercanidipine hydrochloride crystalline Form
(D) as starting materizl.

As an alternative, tho initial clear solution is diluted with 100 ml of ethanol and
seeded with lercanidipine hydrochloride Form (II) (0.1 g). After 48 hours with stimring at
25°C, 80% yield with respect to stoichiometric lercanidipine hydrochloride Form (TI) is
obtained.

EXAMPLE 8 . Preparation of lercanidipine bydrochloride crystalline Form (II) in
agueous 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
added. The solution thus obtained was stirred at 25°C as such, or was mixed with 0.1 g of
lercenidipine hydrochloride Form (1), ar was sonicated for 6 seconds at 20 kHz and 100
Wetts, always at 25°C. Whichever the choice, after 48 hours under stirring the precipitate
¢huas formed was collected and dried, with yields of 80-85% with respect to stoichiometric
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for 24 hours. 20.2 kg of product was obtained, corresponding to a yield of 81%; HPLC
purity in Form (I) > 99.5%. Comparable results are obtained with Form (C) aé starting

EXAMPLE 6 Preparation of lercanidipine hydrochloride crystalline Form (II)" -

100 g of crude lercanidipine hydrochloride Form (C) and then 200 ml of acetonitrile
was loaded into a reactor. The mixture was heated under strong reflux and under stirring,
thus obtaining a complete dissolution. The mixture was brought to 20-30°C under slight
stirring and kept at said temperature for 24 hours. The precipitate was filtered and dried in
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
arc obtained when lercanidipine hydrochloride Form (A) or (B) is used as starting material,

EXAMPLE 7 Preparation of lercanidipine hydrochloride crystalline Form (IF)

In separate representative experiments, 100 g of crude lercanidipine hydrochloride
Form (A), (B), or (C) in 200 m! of 95% ethanol was loaded into a reactar, 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 bours under stirring. The
pmcipihteﬂnmobtximdmthmﬁlteredmddﬁedinmwmﬂ?ﬂfor%_hm.%g
of Farm (IT), HPLC purity > 99.5% was obtained.

EXAMPLE 7A Preparution of lercanidipine hydrochloride crystalline Form (II)
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in an oven at 70°C under vacuum for 24 hours. Weight of dry product in each case was

" (lercanidipine HC] (T)) 90 g (HPLC purity of the product in Form (I) > 99.5%).

EXAMPLE 4A Preparation of lercanidipine hydrochloride crystalline Form (I)

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 is slowly cooled to 40°C.
Precipitation was then triggered with 100 mg of lercanidipine hydrochloride Form (T) and
temperature was set at 35°C, keeping the mixture under stirring. The whole was kept for 24
hours under stirring at 35°C, then temperature was set at 30°C, 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 driod in an oven at 70°C under vacoum for 24 hours. Weight of dry -

product (lercanidipine HCI (IT)) 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 onder
stirring. The solution was cooled under stirring at 20°C and then seeded with crystslline
Form (I). The whole was then cooled to a tempersaturs 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
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EXAMPLE 3A Crude lercanidipine hydrochloride Form (B)

The organic phase obtrined at the end of Example 1 was heated under refhax (70-
75°C) and the water conteined in the solution was removed with a Dean Stark apparatus
until a KF. value of about 2% was obtamed. The whole was then distilled at atmospheric
pressure to reach % of initial volume. The solution was brought to its initial volume by
adding fresh ethyl acetate. The KF. value at the-end of this operation was 0.9-1.1%. The

. final solution was cooled to 20°C, seeded with 0.1% of crude lercanidipine hydrochloride

Form (B) and cooled to 0-5°C. A solid slowly precipitated and was then filtered. The solid
thus obtained was suspended in ethyl acetate (350 g) and stirred at 60-65°C for 1 hour. The
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 ()

In separste ropresentative experiments, 100 g of cruds lercanidipine hydrochloride
Form (A), (B), or (C) was loaded into 8 reactor, followed by 400 ml of 2-propanol. The
mixture was heated under strong reflux and under stiring, thus obtaining an almost
complete dissolution of the crude substance. The mixture was hot filtered to eliminate a
ﬂiglnopdescmmdﬂleclearwluﬁonkcptmdﬂsﬁningmeoole_dmm.
Temperature was then sct at 35°C. The whole was kept for 24 hours under stiring at 35°C,
then temperature was set at 30°C, and stirring was continmed at said temperature for another
24 hours. The solid was filtered at 30°C and washed with 50 ml of 2-propancl, then dried
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EXAMPLE 2 Crude Jercanidipine hydrochloride Form (A)
Tho orgenic phase cbtained from Example 1 was then subjected to azeotropic

—. distillation under vacium gt about 250 mmIg, without going above a temperature of 60°C.

After removing about 50 ml of water, the solution was concentrated to about 1/3 of the
initial volume in the same conditions of temperature and pressure and then brought to its
initial volume with fresh cthy] acetate until the K.F. value (Kari Fisher value) was about
0.10-0.15%. The final suspension was cooled to 0-5°C. The solid was filtered, suspended
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
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 conteined in the solution was removed with a Dean Stark apparatus
(Speziani Rolando, Nettuno, Rome, Italy) until a K.F. value of about 2% was obtained.
The;vhohwﬁm&sﬁnedumhﬂicprmmmmwh%oﬁniﬁdvolm 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
acetate (350 g) &nd stirred at 60-65°C for 1 hour. The whole was cooled o 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.

q
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dosage farm containing from 0.1 to 400 mg lercanidipine hydrochloride. More preferably,
the composition or dosage form comprises 1 t0 200 mg lercanidipine hydrochloride. Even. - -

_more preferably, the composition or dosage form comprises 5 to 40 mg lercanidipine

hydrochloride.

EXAMPLES

The following examples of preparation of lercanidipine hydrochloride crude Forms
(A) and (B) and crystalline Forms (I) and (II) are now disclosed for illustrative non-limiting
purposes, together with the resuits of DSC analysis and solubility, stability and
hygroscopicity tests; the bioavailability tests for the new crystalline forms are also
disclosed.

EXAMPLE 1 Initial preparation

Thionyl chloride (36 g) diluted in cthyl acetate (25 g) was slowly added to a
solution of 2,6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-
carboxylic 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-diphenyipropyl)-1-
amino-2-propanol (84 g) in ethyl aceiate (72 g) was slowly added to the mixture thus
obtained. Ths whole was kept under stirring at the same temperature for 3 hours. The
mixture was fhen heated to 20-25°C and kept under stirring for 12 hours. Water (340 mi)
was then added, the whole was stirred for 30 min and afier settling the aqueous phase was
discarded. The organic phase was washed again with water (340 mi).
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achieved. Therefore, the patient may be titrated to the appropriate dosages for his/her

" particular hypertensive condition. After the appropriate dosage of each of the compounds

.. _is determined to achieve a decrease of the blood pressure without untoward side effects, the
patient then may be switched to a single dosage form containing the appropriate dosages of -

10

15

20

each of the active agents, or may continue with a dual dozage form.
The exact dosage and administration regimen utilizing the combination therapy of

' the present invention is selected in accordance with a variety of factors including type,

specios, age, weight, sex and medical condition of the patient; the severity and etiology of
the bypertension to be trested; the route of administration; the renal and hepatic finction of
the patient; the treatment history of the patient; and the responsiveacss of the patient.
Optimal precision in achicving concentrations of compounds within the range that yields

\0

efficacy without toxicity requires a regimen based on the kinetics of the drug’s availability .

to target sites. This involves a consideration of the abgorption, distribution, metabolism,
excretion of a drug, and responsivencss of the patient to the dosage regimen. However,
such fine tming 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 polymarph or mixture of

the present invention, based upon the total weight of the pharmaceutical composition.
Individual isolated polymorphs are preferred for parenteral sdministration, -
Generally, transdermal dossge forms contain from about 0.01% to sbout 100% by
weight of the active agents, based upon 100% total weight of the dossge.
mammboﬁmaofmmmﬁm,mmﬁmhmm
daily to the patient. Prefersbly in said embodiment, the pharmaceutical composition has
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A pharmacentical composition comprising (1) lercanidipine hydrochloride, where
the lercanidipine hydrochloride is selected from the group conmsisting of isolated
lercanidipine hydrochloride _crystalline Form (), isolated lercenidipine hydrochloride
crystalline Form (II), or combinations thereof of predetermined polymorph composition;
and (2) at least one companent selected from the group consisting of a phanmaceutically
acceptable carrier or diluent, a flavorant, a sweetener, a preservative, a dye, a binder, a
suspending agent, a dispersing agent, a colorant, 2 disintegrant, en excipient, a diluent, a
lubricant, a plasticizer, and an edible oil. In a preferred embodiment, the pharmaceutical
composition or-dosage form 0.1 to 400 mg lercanidipine hydrochloride. Preferably, the
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 &
single daily dose, or the total daily dosage may be administered in divided doses. In
addition, co-administration or sequential administration of other active agents may be
desirable. The polymorphs and mixtures thercof 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 f-receptor blocker, an ACE inhibitor or an
mﬁo@ﬁnﬂmxp&rmﬂgmﬁﬁhwnﬂnplmdbytheprﬂminmﬁm(gag.ﬂ.&
Provisional Application No. 60/344,601, filed October 23, 2001 and Italian Application No.
MI 2001 A 002136 filed October 16, 2001).

For combinsation therapy the compounds may initially be provided as separate
dmpfomsunﬁlmopﬁmmdoapmbimﬁmmdadminismﬁm-mgimmin
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polyhydroxy-ethylaspartamidephenol, and polyetlyl-eneoxideopolylysine substituted with
pelmitoy! residues.
Administration

The pharmaceutical compesition or unit dosage forms of the present invention may
be administered by a varicty of routes such as intravenous, intratracheal, subcutaneous,
oral, mucosal parenteral, buccal, sublingnal, ophthalmic, pulmonary, trensmmcosal,

" transdermal, and intramuscular. Unit dosage forms also can be administered in intranasal

form via topical 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. Oml
sministration 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 umit dosage form of the present invention
may be administered according to a dosage and administration regimen defined by routine
testing in light of the guidelines given sbove in order to obtain optimal antihypertensive
activity and a decreased in blood pressure while minimizing taxicity or side-effects for a
particulst patient. However, such fine tumning 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
invention may vary according to a variety of factors such as underlying discase stats, 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.

W
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active combinations and the comesponding physiologically acceptable salts, can include
water, physiological salt eolutions or alcohols, e.g. ethanol, propane-diol or glycerol
Additionally, sugar solutions such as glucose or mannitol solutions may bo used. A
mixture of the various solvents mentioned may further be used in the present mvention.

A transdermal dosage form also is contemplated by the present invention.
Transdermal forms may be a diffusion-driven transdermal system (trangderma] patch) using
either a fluid reservoir or a drug-in-adhesive mairix sysiem. Other transdormal dosage -
forms include, but are not limited to, topical gels, lotions, ointments, tranamucosal systems
and devices, and jontohoretic (electrical diffusion) delivery system. Trensdermal dosage
forms may be used for timed release and sustained releass of the active agents of the
present invention.

Pharmaceutical compositions and umit dosage forms of the present invention far
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,
infraruminal, intratracheal, or subcutancous.

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

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

stearylamine or phosphatidylcholines.
The polymorphs of the present invention also may be coupled with soluble

-polymers as targetnble dmg carriers. Such polymers include, but are not limited to,

polyvinyl-pyrrolidone, pyran copolymer, polyhydroxypropylmethacryl-amidephenol,
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Dosage forms with predetermined smounts of lercanidipine hydrochloride may be

" formulated starting with compositions with known quantities of lercanidipine hydrochloride

using methods well known in the art. In a prefarred embodiment a dosage form is obtained
by mixing compositions comprising known quantities of crystallive lercanidipine
hydrochloride, e.g, Form (I) or (I), optionally including non-crystalline lercanidipine
hydrochloride. Further preferred is where a dosage form with predetermined amounts of
crystalline lercenidipine hydrochlaride is formulated by mixing compositions comprising
essentislly pure crystalline lercanidipine hydrochloride are mixed to form dosage forms-
comprising a predetermined ratio of crystalline Forms (I) and (II).

Tablets or pills can be coated or ctherwise 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 immer dosage and an outer
dosage companent, the latter being in the form of a layer or envelope over the former. The
two components can be separated by an eateric layer which serves to resist disintegration in
the stomach and permits the irmer component to pass intact into the dnodenum or to be
delayed in release.

_ Biodegradsble polymers for controlling the release of the active agents, inchude, but
are not limited to, polylactic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydro-pyrens, polycyanoacrylates and cross-linked or
amphipathic block copolymers of hydroges. |

For liquid dosage forms, the active substancos or their physiologically acceptsble
salts are brought imto solution, suspension or emmision, optionally with the usually
employed substances such as solubilizers, emulsifiers or other auxiliaries. Solvents for the
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Suitable edible oils include, but are not limited to, cottonsced oil, sesame oil,
coconut oil and peanut oil.
i Examples of additional additives include, but are not limited to, sorbitol, talc,

stearic acid, dicalcium phosphate and polydextrose.

Unit Dosage Forms

‘The pharmaceutical composition may be formulated as unit dosage forms, such as
tablets, pills, capsules, caplets, boluses, powders, gramules, sterile parenteral solutions,
servsol or liquid sprays, drops, ampoules, autoinjector devices or suppositories. Unit
dosage forms may be used for oral, parenteral, intrsnasal, 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
aro tablets, pills, caplets and capsules. Parenteral preparations (¢.g., injectable preperations.
and preparations for powder jet systems) also are preferred.

Solid unit dosage forms may be prepared by mixing an active agent of the present
hvuﬂimﬁﬂxaphmmﬁmﬂywwpﬂbhcmierandmyoﬂmduﬁad_cddiﬁvuu
described sbove, The mixture is typically mixed until a homogeneous mixture of the active
agents of the presept invention and he carrier and any other desired additives is formed,
ie., until the active agent is dispersed evenly throughout the composition. In thig case, the
compositions can be formed as dry or moist granules.
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Suitsble binders include, but are not limited to, starch; gelatin; natural sugars, such

-a8 glucose, sucrose and lactose; corn sweeteners; natural and synthetic gums, such as

acacia, tragacanth, vegetable gum, and sodium alginate; carboxymethyicellulose;

hydroxypropyimethyicellulose; polyethylene giycol; povidone; waxes; and the like.
Suitable disintegrants include, but are not limited to, starch, e.g., com starch, methyl

cellulose, agar, bentonite, xanthan gum, sodium starch glycolate, crosspovidone and the

" like,

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

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

Suitable dispersing and suspending agents include, but are not limited to, synthetic
and natural gums, such as vegetable gum, tragacanth, acacis, alginate, dextran, sodium
carboxyriethylcellulose, methylcellulose, polyvinyl-pyrolidone and gelatin.

Suitable film forming agents include, but arc not lLimited to,
hydraxypropylmethyloelhulose, ethylcellulose and polymethacrylates.

Suitable plasticizers include, but are not limited to, polycthylene glycols of different
molecular weights (e.g., 200-8000 De) and propylene giycol.

Suitable colorants-include, but are not limited to, ferric oxide(s), titanium dioxide
and natural and synthetic lakes.

B
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effective amount of isolaied lercanidipine hydrochloride crystalline Form (I), isolated -

lercanidipine hydrochloride crystalline Form (II), or combinations thereof to a subject in
need of such treatment.
Pharmaceutical Compositions

The compounds and polymorphs of the present invention may be formmlated into a
pharmaceutical composition. The pharmaceutical compositions according to the present
invention may comprise lercanidipine hydrochlaride (I), (II) or & mixture thereof. When
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
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 pharmaceuntical compoaition also may include optional
additives, such as s pharmaceutically acceptable carrier or diluent, a flavorant, a sweetener,
a preservative, a dye, a binder, a suspending agent, a dispersing agent, a colorant, a
disinfegrant, an excipient, 8 film forming agent, a lubricant, a plasticizer, an edible oil or
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 um,

'D(90%)<15 pm.

Suiublephmmxﬁmﬂylwephblemrﬂmmdﬂmimluda,butugmtﬁmited
to, ethanol; water; glycerol; propylene glycol, aloe vera gel; allantoin; glycerin; vitemin A
and E oils; mineral cil; PPG2 myristyl propionate; magnesium carbonate; potassium
phosphate; vogetable oil; animal ail; and solketal.
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In addition to differences in melting point, the two crystalline forms exhibit

" differences in x-ray structure, solubility, and bioavailability, Solubility studies show that

Form (I) is more soluble than Form (II) in water, ethanol, and mixtures thereof (See Tables

-2 & 3). Bioavailability studies’ in dogs and humeans indicate that Form (II) is more

bioavailable than Form (I). The study in humans also indicates, however, that Form (I) has

a ghorter time to maximum concentration attainsble and is thus suitsble for use in

' jmmediato reloase formulations and dosage forms. Finally, x-ray diffraction studies show

that these two forms have different diffraction patterns (see Figures 11 and 12 and Example

. 20). Form I has a smaller crystal and hence particle size before micronization and so is

easier and faster to process than Form II, which presents with larger orystals.

The present application further discloses pharmaceutical formulations and unit
dosage forms that comprize ane of the isolated polymorphs of the present invention or a
mixture thereof of prodetarmined polymorph content.

The prosent invention is also directed to a method of treating a subject with
hypertension (e.g., menﬁﬂhypmdm,wmyhypm-ion'q isolated systolic
hypertension), coronary hesrt 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 (I), lercamidipine
hydmchloqi@ocryuhlﬁneFom(ﬂ),mwmbimﬁomﬂmfofmedebmimdpolymmph
content (optionally with other form of lercanidipine, such as smorphous form) to & subject
in need of such trestment.

The invention also contemplaies a method of treating and preventing atherosclerotic
lesions in arteries of a subject, the method comprising administering a therapeutically

X
'f
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@™ dissolving crude lercanidipine hydrochloride or its crystalline Form (I) in a
protic polar or an aprotic dipolar solvents preferbly containing up to 50% by weight of
water at a temperature preferably between 20 and 70°C to produce a solution;

&™) stirring the solution of step d™) at a temperature preferably between 20 and
25°C to produce a solid; _

£*) filtering the solid of step €™) and drying (e.¢, in an oven) at prefershly
70°C for prefersbly 12-18 honrs.

The second altemative method may optionally comprise the step of sdding up to
60% water to the solution of step &™) prior to step ¢™). The second altemative method
may further comprise irmadiating with ultrasound end/or adding preferably authentic
crystalline seeds of Form (II) to step €™). In step e™), crystallization is considered
camplete when the content of the solution is <2% lercanidipine HCl. In a preferred

embodiment, the protic polar solvent is an alcohol solvent such s, but not limited to,
methanol, ethandi, n-propancl, isopropenol. In snother preferred embodiment, the aprotic
dipolar solvent is N-methyipyrrolidone.

The preferred process for preparing Form (1) is the ¥ process and the prefierred
process for prepering Form (II) is the & process. Applicants have determined that Form (T)
can be quantitatively obtained by use of C;-Cs anhydrous alcohol (preferably anhydrous
ethanol or isopropenol) or C;-Cs alcohol conteining up to 5% water under controlled
mnﬁﬁmd'-b. In fiact, the foregoing processes, especially the y and 8 processes can be
used to produce the desired polymorph reproducibly snd consistently.
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e”) cooling of the mixture of step d”) to room temperatmre and stirring
" preferably for 24 hours to form a solid,

f?) _. filtering the solid obtained from step ¢).and drying it preferably in an oven.

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

5  <2% lercanidipine HCL
The present application also contemplates two additional methods for producing
Form (II).
Altern cess fi
The first altermative 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 between 20 and 40°C and
stirring for a period preferably between 24 and 96 hours to form a solid;

15 ) filtering the solid and drying (e.g-, in an oven) st preferably 70°C for 12-18
bours to produce lercanidipine hydrochloride Form (II). '

In step o™), crystallization is considered complete when the content of the solution

is < 2% lercanidipine HC.
d ve Method n rm IE
20 The second alternative mefhod of obtaining the Form (1) polymorph comprises the

steps of:
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Alternative Process for Mgking Form (1)

The present applicstion also comtemplates an elternative method of producing
lercanidipine hydrochloride having crystatline Form (X) which comprises the steps of:

d")  eadding ethanol to crude lercamidipine hydrochloride, prefersbly at s
weigh:}vohmnﬁooflnmidipinehyd:mmm-idemlwntofl:4m 1:6, most preferably
1:4, rofluxing under stirring in ordar to obtain a solution (if the solution is not clear it
should preferably be filtered hot), cooling under stirring, preferably to 20°C, and adding
crystalline seeds of Form (I);

")  cooling the seeded mixture of step d*), preferably to a temperature between
10 and 15°C, and stirring at this temperature for a period of time preferably between 24 and
96 hours to form & solid; and

f) filtering and drying the solid of step .¢), it preferably in an oven at
preferably 70°C to obtain lercanidipine hydrochloride Form (T).

In step ¢"), crystallization is considered complete when the content of the sohrtion is
<2% lercanidipine hydrochloride. Crystalline seeds of Form (f) may also be added to steps
¢") to further promote crystal formation . '
Process for Making Form (II)

The second purification process (5 process), which yields crystalline Form (II),
compriges the steps of:

) -addingmhtﬁuiletom&elﬁcuﬁdipinehyd:mhlmide@m(A)orFom
(B)) and heating the mixture under reflux and stirring, ' '
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specifically about 198.7°C. DSC analysis of crystalline Form (II) indicates that it has a

" melting pesk of sbout 207°C to about 211°C, specifically sbout 209.3°C.

. One purification process (y process), that leads to formation of one of the novel
crystalline forms (Form (I)) comprises the following steps:
Process for Making Form (1)

d)  adding isopropanol to crude lercanidipine hydrochloride (Form (A) or Form
(B)) and heating umder reflux with stirring to produce 2 solution (if the solution is not clear,
it should be filtered hot);

¢©)  cooling the solution of step d) preferably to & temperaturc between 30 and
40°C and stirring for 2 period of time preferably between 12 and 48 hours to produce a
solid; and

f) filtering the solid obtained from step ¢), 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 prefersbly between 1248 hours.

Crude Farm (C) may be also be used as starting material in step d). In such case,
however, thars is the risk of decreased yield of product because the solution should be
filtered hot, regulting in the increased loss of lercanidipine hydrochloride iri step d). In step
¢), crystallization is "considered complete when the content of the solution is <2%
lercanidipine HCL Other aloohols may also be used as the solvent in step d). An
alternatively preferred solvent is & C;-Cs alcohol contgining & maxitmum of 5% water, ¢.g.,
anhydrous ethanol, Crystalline Form (T) may be added in step (e) as sccds to further
promote crystal formation.

Yo
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is achieved and (2) a water conteat, measured according to Karl Fischer, between 0.9 and
1.1% is obtained;

iv'). . cooling the solution of step iii") preferably, to 0-5°C to obiain & solid;

v9)  filtering the solid of step iv’);

vi")  re-suspending the solid of step v7) preferably in ethyl scetate and stirring at
preferably 60-65°C for about 1 hour; and

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
yield.

These novel crude forms of lercanidipine hydrochlaride prosent 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 (T) ar
Form (). Compared to the crude form produced by the method of U.S. Patent No.
5,912,351, these forms permit use of less solvent to recrystellize the compound. This also
increases yiold by reducing loss of compound. Additianally, the methods used to produce
these crude forms are mare adaptable to use in a largs 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
and different crystalline forms of lercanidipine hydrochloride. Stadics indicate that these
novel crystalline forms have different phyaical and chemicel properties. DSC analysis of
orystalline Form (T) indicates that it has a melting peak of about 197°C to about 201°C,



10

15

20

WO 03/014084 PCT/EPU2/08699

16

if)  removing water from the reaction mixture of step i), proferably by

azcotropic distillation under vacuum at 200-300 mmHg at a temperature below

about 60°C (preferably at 40-50°C);

jii)  concentrating the mixture of step ii) preferably to sbout 1/3 of the initial

volume at the same temperature and pressure as in step (ii), adding fresh solvent

(.., ethyl acetats) preferably to obtain the initial volume, thus obtaining &

suspension with a water content, as determined according to Xarl Fischer (U.S.

Pharmacopocia 25, Method 921) preferably betwean 0.10 and 0.15%;

iv)  cooling the suspension of step iii) preferably to 0-5°C ;

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).

The second process (B protocol; used to prepare Form (B)) is performed using the
follc-lwingltepuz

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

ii)  removing tho water from step i") preferably by azeotropically refluxing the

. product,of step i*) with & Dean Stark apperatus until a water content of about 2%, measured

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
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has a melting point of sbout 131°C to about 135°C (DSC peak), and Fom (C) has a
melting point of sbout 186°C to about 192°C (DSC peak). Additionally, thermogravimetric
studies show that Form (A) commprises 3 - 4 % residual ethyl acetate and Form (B)
comprises 0.3-0.7 % residual efiyl acctate, by weight. Comparatively, the residual solveat
present in Form (C) has been determined to be 0-0,1%.

Aspects of the invention are directed to processes for the preparation of
lercanidipine hydrochloride, each resulting in a different crude form of the product. The
first two steps in producing either crude form are identical and are:

® reacting 2,  G6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-
dihydropyridine-3-carboxylic acid (prepared as described in German petent 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 componnd, 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 tempemture preferably between —5
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 &nd of an
aprotic polar solvent is ethyl acetate and dimethylformamide used at a ratio of 4:1.

After the in-sita reaction, the lercanidipine hydrochloride is isolated and recovered
from the mixture. The method of isolation used determines the crude form of lercanidipine
hydrochloride obtained. Following the protocol below (a protocol) yields Farm (A):

i)  washing the mixture of step (b), preferably with water,
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term crystalline forms refers to Forms () and (IT) of lercanidipine hydrochloride. These

" crystalline forms have an HPLC pusity > 99.5 % and residual solvents content of < 3000

Ppm.

As used herein, the term “polymorphism” refers to a property of a compound to
crystallize in two or mare forms with distinct structures. The different crystalline forms
can be detected directly by crystallogmaphic techniques or indirectly by assessment of
differences in physical and/or chemical properties associated with each particular
solymorph Lo :

As used herein, a “subject in need of treatment” is a mammalian (e.g., human)
subject suffering from or st risk of developing the particular condition to be treated, e.g.,
cesential hypertension, secondary hypertension, isolated systolic hypertension , coranary
heart disease (e.g., chromic 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,
for example, 2 manual sphygmomenometer, automatic/electronic devices or ambulatory
bloodp:usmmomunmg.

The present invention contemplates any method that may be used to produce the
novel crude forms of lercanidipine hydrochloride described hercin. These forms have
different physico-chemical properties, e.g., melting points (which can be determined by
DSC analysis), then the crude form of lercanidipine hydrochloride produced by other
Imown methods, e.g., by the method described in U.S. Patent No. 5,912,351; termed Form
©- Foum(A)hu. amﬁﬁngpoMofabmﬂ 150°C to about 152°C (DSC peak), Form (B)

®
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The purity and uniformity of Forms (I) and (II) sllow for increased case in
production of lercanidipine dosage forms, due to, e.g., mare precisely defined physico-
chomical characteristios, such s, for example, inoreased uniformity of particle size
following micronization and more reproducibls solubility. Forms (T) and (II) also provide
wﬁmMmﬂepmdldyd@ﬁnedphmmhgicd chamcteristics, e.g.,
bioavailability, compared to previously achieved dosage forms that varied from batch-to-
batch in their physico-chemical characteristics.

In a human study in man, whero the plasma levels of lercanidipine were
assessedafter administration of a single dose of either lercanidipine hydrochloride Form (T)
or (II), Form (I) had a shorter time in obtaining the maximum conceniration in plasma,
relative to Form (II). Hence, Form (1) is more suited for immediate release formulations
and dosage forms. From the same study, Form (IT) showed a higher bicavailability, relstive
to Form (I), and is thus suited for use in controlled release formnlations and dosage forma.
Accordingly, the availability of pure Forms (I) and (Il provides for the ability to blend the
two polymarphs into dosage forms with novel controlled characteristics, e.g., 8 dosage

. form with both a rapid anset 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
impuritics (inctuding but not limited to solvent) that may be present. In the present
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
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within the rage of about 197°C to ebout 201°C, mare specifically, about 198.7°C, and the

" X-ray diffraction pattern set forth, supra.

.Form (II) is characterized by 2 more pronounced yellow color, larger crystal size,
slightly lower solubility in aqueous media (all compared to Form (1)), and a melting point
(DSC peak) within the range of about 207-211°C, mare specifically about 209.3°C.

Both Form (I) and Form (II) are stable. Form II exhibited higher bioavailability in
the dog, and was also non equivalent to form I in man, showing a higher plasma
ommﬁm(AUCoﬂa;ld-adehyedﬁmoofmuhmmmmmﬁon(m).wmpuedb
Form (D).

Previously known methods for producing crystalline lercanidipine hydrochloride
were inconsistent in producing lercanidipine hydrochloride with predictable physical and
chemical characteristics. Hence, the previously kmown 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
under the sams conditions. The present inventors have discovered that the source of

inconnistency 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
(Dmd(ﬂ)thatrepmmmmumﬁumoﬂamidipimhyummmideofapm}m
uniformity that has not been obtained with previously achieved solid forms of lercsnidipine
hydrochloride.

R
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Additionally, the various novel forms have distinct chemical and physical properties and
bioavailability profiles in enimals, including man, as discussed herein,

_The novel methods for preparation of crude of lercanidipine hydrochloride are
suitable for highly reproducible commercial scale production of reproducible solid
compositions of lercanidipine hydrochloride. The methods advantageously produce novel
crude Forms (A) and (B) of lercanidipine hydrochloride which also exhibit cheracteristics
desirsble for industrial applications. Crude Forms (A) and (B), e.g., exhibit higher
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
simplified crystailization procedures to be used for production of novel isolated crystelline
forms of leccanidipine hydrochlaride.

The novel isolated crystalline forms of lercanidipine hydrochloride of the present
invention can be obtained from lercanidipine hydrochloride crude Forms (A) and (B) and

isolated Form (1) or isolated Form (II) may be reproducibly obtained from the (A) and (B)
intermediates by varying the crystallization conditions as described below. Forms (I) and
() may also be obtained using other starting materials. Both of Forms (I) and (IT) may be
obtained using, for example, crade lercanidipine Form (C) as starting material, as described
herein. Form(ﬂ)myahobeobhimdusingForma)umﬁngmauial,gsdm'bed
herein,

Both lercanidipine hydrochloride crystalline Forms (I). and (II) exhibit good
stability. Form (T) is characterized by a paler yellow color, smaller crystal sizs, higher
solubility in aqueous media (all compared to Form (II)), and a melting point (DSC peak)
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angles of the most significant peaks can be found in Tables 1 and 2 below. The ordinate

' indicates the mumber of counts/sec and the abscissa shows the values of 20 angles.

Figures 13 and 14 are plots of percent mass change as a fimction of time in
hygroscopicity tesis carried out on Forms (I) and (I) of lercanidipine hydrochloride,
respectively. The ordinate on the left indicates percent mass changes and the ordinate on
the right percent relative humidity; the abscissa indicates time in minutes. The protocol for
the hygroscopicity tests are described in Example 14.

Figures 15 and 16 show X-ray diffraction spectra at wavelength Ka of crude
lercanidipine hydrochloride Form (A) and of crude lercanidipine hydrochloride Form (B),
respectively.

Figures 17 and 18 show Raman spectra of crude lercanidipine hydrochlaride 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
crude lercanidipine hydrochlaride Form (A) and on crude lercanidipine hydrochloride Form
(B), respectively. In these figures, tho abscissa indicates temperature (in °C) and the

ETAILED DE, OF N

The prosent invention discloses novel crude forms snd crystalline forms of
lercanidipine hydrochlotide and processes for making them. Applicants have determined
fhat lercanidipine hydrochloride exhibits polymorphism and crystallizes in different forms
depending on the process followed and on the solvents used, especially for crystallization.
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Figure 4 is a graph of solubility at 25°C of Forms (I) and (II) in ethanol at
increasing water concentrations. The experiments arc described in Example 15. The

. ordinate indicates % solubility expressed as w/w and the abscissa % by weight of water in

ethanol. .
Figure 5 is a graph of solubility at 40°C of Forms (I) and () in ethanol at

increasing water concentrations. The tests are described in Example 15. The ordinate

indicates % solubility expressed as w/w and the abscissa % by weight of water in ethanol.,

Figare 6 shows '*C NMR spectra in solid phase of crystalline Form (I). The signals
and attributes of the correspanding carbon atoms can be found in Table 4.

Figure 7 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 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 (). The signal and corresponding sttributes
can be found in Table 7.

Figure 10 represents percent aversge 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).

Figures 11 and 12 show X-ray diffraction spectra at wavelength Ka of crystalline
Forms (I) and (II), respectively. The distances (d) in X, the (I/Io) ratios and values of 260
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hydrochloride crystalline Form (II), or combinations thereof comprising & predetermined

" content of each form to a subject in noed of such treatment.

In ofher embodiments, a method of treating or prveating atherosclarotic losions in
arteries of a subject is provided, the mefhod comprising administering a therspeutically
effective smount of lercanidipine hydrockloride crystalline Form (T), lercanidipine
hydrochloride crystalline Form (I), or combinations thereof comprising a predctermined
amount of each form, to & subject in need of such treatment. In prefirred aspect, a subject
in noed of treatment is 2 mammal. Most preforably the subject in need of freatment s a
Inunan.
~ ‘These and other aspects of the present invention will be apparent to those of
ordinary skill in the rt in Tight of the present description, claims and figures.

F DES ON OF

Figure 1 is a graph of DSC analysis carried out on crystalline Form (T), according
to the warking conditions described in Example 12. The ordinate indicates heat flow in
mW and the sbscissa tempersture in °C.

Figure 2 is 2 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.

Figure 3 is a graph of the results of the thermogravimetric tests carried out on Form
(D and Form (1), respectively; as described in Example 13. The abscissa indicates
temperature in °C and the ordinate indicates percent mass variation.

)
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The present invention thus permits obtaining mixtures of Form I and Form II baving
a predetermined and reproducible content of each form, and optionally, also other forms of

.- Jeanidipine, guch as amorphous.
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15
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Also provided are methods of syntheses in which each of isolated lercanidipine
hyd:oc;h]nﬁdeuymﬂineFam(DmdFm(n)mybeobmimiindepmdmﬂy,ﬁunthe
starting material of lercanidipine hydrochlaride crude Form (A) or crude Form (B).

Also provided are pharmaceutical compositions comprising (1) crystalline
lercanidipine hydrochloride and optionally other forms of lercamidipine, such as
amorphous, wherein the crystalline lercanidipine hydrochloride is sclected from the group
consisting of lercanidipine hydrochloride crystalline Form (T), lercanidipine hydrochloride
crystalline Form (1), and combinations thereof comprising a predetermined confent 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 swectener, a prescrvative, &
dye, & binder, a suspending agent, a dispersing agent, a colorant, a disintegrant, an
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 (T) or
Form (1I) or a combination thereof having a predetermined formulation of each crystalline
Form. _ _

In further embodiments, the invention also provides for methods of treating a
subject with arterial hypertension, the method comprising administering a therapeutically
effective emount of lercanidipine hydrochloride crystalline Form (I), lercanidipine
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D (%) Relative intensity (Vo) _|2 6 ngle
1163 8 54
62 a7 14.2
4.78 29. 18.6
4.10 63 21.7
4.06 36 21.9
3.90 100 22.8

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

197-201°C, when s8aid melting point is determined as DSC peak.

In an alternative embodiment, isolated lercanidipine hydrochloride crystalline Form
(D) is provided, which has the following X-ray diffraction pattern, at wavelength Ka, as

shown wherein distances, (1/Io) ratios, and 2 0 angles of significant peaks are:

D (X) Relative intensity (I710) |2 6 angle
9.3 35 9.5
6.0 45 14.7
5.49 65 16.1
4.65 52 19.1
427 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 (IT) has & melting point of about

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

2.
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different composition having melting points within the same narrow range as the individual
forms. As a result, more reproducible batches of lercanidipine more suitable for large scale
mannfactore and quality control were needed.

SUMMARY OF THE INVENTION

The present invention provides novel crude forms snd crystalline forms of
lercanidipins hydrochloride and processes for making them.

In one cmbodiment, the inveation provides novel crude lercanidipine hydrochloride
Form (A), which has a melting point of sbout 150-152°C (DSC peak) and comprises sbout
3-4% (wiw) ethyl acetate.

" I ssotter embodiment, the invention provides novel crude lercanidipine
hydrochloride Form (B) which has a melting point of sbout 131-135°C (DSC peak) and
comprises sbout 0.3-0.7% (w/w) ethyl acetate.

Methods sre provided for the independent syntheses of crude lercanidipine
hydrochloride Form (A) and crude lercanidipine hydrochloride Form (B), making possible
0 obtain each crude form in isolated form.

In a frther embodiment, isolated lercanidipine hydrochloride crystalline Form (I) is
provided which hes the following X-ray diffraction pattem, at wavelength Ko wherein
distances between peaks (D in X), relative intensity ratios (VIo) ratios, and angles of
ﬁsniﬂmneai:sm)m
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Therefore, there is a need in the art for a process for the preparation of lercanidipine
hydrochloride in crystalline form which avoids one more of the disadvantages of the
currently used processes. '

In addition, it was observed that lercanidipine, as produced by the second-deacribed
process above, displayed batoh-to-batch variability despite careful process control and even
observation of the melting point believed to be characteristic of the solid product obtained

-by the process of Example 3 of USP 5,767,136 of 186-188°C. This varigbility was

manifest in seemingly unpredictably appesaring (and disappearing) differences in one or
more of product appearance (e.g., color), melting point and solubility. This raised issues as
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 gize. In the courss of researching the
canses of the variability problem, the inventors surprisingly discovered novel lercanidipine
hydrochloride polymarphs. They also discovered more suitable procoases for the
preparation 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 crystalline forms depending on the
process followed and on the solvents used. Furthermore, the isolation of each of individual
aymllhnpolymmphnhnbmepom'blqthmdeaeaﬁngthapouibﬂityc;fbmhm
batch variability of lercanidipine, which the present inventors determined was due to
mixunuofdiﬂ'uentnﬁdft;mabeingpmembyﬂwmebcwhmdmﬂnhmimof
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hydrochloride salt is prepared by treatment with diluted hydrochloric acid in the presence
of sodium chloride. '

A major disadvantape of the process of preparing lercanidipine, as it is described in
U.S. Patent No. 4,705,797, is that the disclosed cyclization reaction generates several by-
mmmuhahwﬁddﬁrmMMpm Moreover, the purification
and isolation of lercanidipine from the reaction mixture is quite complex, since it requires
numerous treatments 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.

US. 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 csterification of the obtained acid chloride with 2, N-dimethyl-N-(3,3-
diphenylpropyl)-1-amino-2-propyl slcohol at a temperature between —10 and 0°C. The
process yields lercanidipine hydrochlorido 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 form is again
residuc thus obteinod in ethyl acetate, the solution is washed first with brine, then washed
farther five times with a 10% solution of sodium carbonate, five times with IN
hydrochloric acid, and eventually once agrin with brine. i
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comperison to other calcium antagonists, lercanidipine is characterized by gradual onset

" and long-lasting duration of action despite decreasing plasma levels. Inviwmdiuaho;v
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 availsble from Recordati S.p.A. (Milan, taly) 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:

—3» Lercanidpine

(1) xylone et redlu (2% iolusne, 85°C; (3) HCI +CHCLy; 0°C; (4) HO-CH(CHy), at rafa
10 Crude lercanidipine is an oily residue that must be purified by flash chromatography

using chloroform, containing increasing amounts of acetone, as the cluant. The solvent is
then evaporated to dryness and remaining residue is dissolved in methanol adding a amall
excess of hydrochlaric acid in ethanol. After evaporation of the solvent, the hemi-hydrated
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NOVEL CRYSTALLINKE POLYMORPHIC FORMS OF LERCANIDIPINE HYDROCHLORIDE AND PROCEBS
FOR THEIR PREPARATION
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FIELD OF THE INVENTION

The invention is directed to novel crude forms and crystalline forms of lercanidipine
hydrochlaride, and to processes for the prepamation of .these forms. Pharmaceutical
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
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
mqmmmdedmﬁngdouoflacmidipincummnﬂunpyiummgdaﬂybymalmme,
with a drug titration as necessary to 20 mg daily. Lercanidipine is rapidly absorbed
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
eombinuuh.mtplamnhl]flifewithalongdmaﬁnnofacﬁon. In fact, the preferential
distribution of the drug into membranes of smooth muscle cells results in membrane-
controlled pharmacokinetics characterized by a prolonged pharmacological effect. In
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Form (T0) is less soluble than Form (I) in both solvents.

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

concenirations

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

EXAMPLE 16 Solid phase "C-NMR studies

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

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

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

Cross polarizatio (CP). Cross polarization mowedmwmﬁm
larger proton magnetization via the dipolar coupling to increase signal intensity.
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The exposure of Form (II) to humidity in DVS causes a negligible mass variation (<
0.05%) in the whale RE range tosted. '

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

The solubility at 23°C of both crystalline Forms (I) and (II) was evaluated by UV-
Visible spectroscopy in bi-distilied water (at the pH value spontaneously reached by the
systern) and in ebsolute ethanol. The molar absorptivity had been previously determined in
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 (sbott 40 mg/ml as initial condition).

Starting material | Time [min] Solubility [mg/m] | Residual material
Form () 5/25/45/990 0.4/0.5/0.5/0.5 |Form (1)
Form (1)  {5/25/45/990 02/02/0303 |{Fom ()

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 (T)

Form (I0) 15/45/120 11/12/12 Form ()
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acctate, Duﬂngdegmdaﬁm(f>170‘0)amaﬂummnﬂofethylaeemingilphmeou_ld

" be observed.

The resuits obtained with crude lercanidipine hydrochloride Form (B) are shown in
Figure 20, where a weight loss of 0.5% in temperature range 25-153°C can be observed.
The volatile compound identified with its corresponding IR spectrum is ethyl acetate
(0.4%) and water (0.1%). During degradation (T > 170°C) a small amount of ethyl acetate
in gns phase can be cbserved.

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

The hygroscopicity of both crystalline Forms (T) and (IT) was measured with DVS
ansiysis by means of a water abscrption 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 tumn on & microbalance, and the ssmple underwent umidity cycles between 0
and 95%, starting from 50% of relative humidity (25°C, relative humidity (RH): 50-95-0-
95-0-50% at REVh:5%).

The results of the tests are shown in the diagrams of Figures 13 and 14.

14-1 Results obtained with crystalline Form (1)

The exposure of Form (I) to humidity in the DVS analyzer results in a mass change
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)
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Table 1.
Compound Meiting T (Tpeak) ['C] |Onset T ['C]
Form () 198.7 179.8
Form (I) 209.3 169.0

Immediately after melting of Form (I) or (II) an exothermic event due to salt
decomposition can be observed.

EXAMPLE 13 Thermogravimetry
A gmavimetric analysis associatcd with an IR analysis was carried ont on both

" crystalline Forms (T) and (1), and also on crude lercanidipine hydrochlaride Form (A) and

on crade lercanidipine hydrochlaride Form (B), using a Netsch Thermomicrobalance 209
in combination with a spectrometer FTIR Bruker Vector 22,

The tests weare carried out sccording 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) end (II) are shown in Figure
3, from which it can be inforred that in both crystalline forms no weight loss can be
observed up to their melting point (Le., until sbout 190-200°C).

During degradation, which takes places as indicated above after melting, a CO, loss
unbeobuwed..

The results obtained with crude lercanidipine hydrochlaride Form (A) are shown in
Figure 19, whero a weight loas of 3.4% can be observed in the temperature range 25-153°C.

The volatile compound has been identified by its corresponding IR spectrum and is ethyl
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EXAMPLE 18: Raman Spectra
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.
The following Tables 8 and 9 show the most significant peaks of Raman spectra of

Form (T) and Form (T0), respectively.

Table 8. Raman spectrum of crystalline Form ()

Wave number (cm™) Peak intensity *
3054 M
3040 M
2981 M
2941 M
1675 S
1646 M
1583 M
1489 M
1349 Vs
1236 M
1005 8
821 M
174 M
98 S
73 Vs

* M= moderate; S= strong, Vs =very strong
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EXAMPLE 17 IR Studies

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
mdcc;uaspmdingaM'buﬁmmnhownhtbnfoﬂoﬁngTablesﬁmd?.mdeaﬂy

different for the new Forms (T) and (T0).
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 S and 3
adjacent hydrogens on aromatic rings | -

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

Wavelcnéﬂl (cm ™) Attribution

3183 NH stretching

3100-2800 Alkyl and phenyl stretching

2684 N'H stretching

1705;1675 C~O stretching

1526; 1350 Asymmetric and symmetric stretching
of NO; group

1402; 1380 Bending of geminal methyl groups

800-680 Out-of-plene bending of 5 and 3
adjacent hydrogens on aromatic rings
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" Table 4. Lercanidipine hydrochloride crystalline Form (T)

PCT/EP02/08699

Chemical shift (, ppm) Attribution of carbon atoms
168.7; 167.7 9 11orll;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

47,1 16

454 19

4]1.1 4

31.6 18

21.7, 264 13; 14 0r 14; 13
19.6; 18.0 7:80r8;7

5 TableS. Lercanidipine hydrochloride crystalline Form (II)

Chemical shift ( , ppm) Attribution of carbon atoms
168.1; 166.6 %1lorll;9

151910 121.9 2; 6 and from 2010 37 _
104.0; 102.8 3%S5ar5;3

79.0 ' 12

66.0; 58.0 (weak) 15; 17 or 17;15

49.7 10

4338 16

443 19

405 4

29.8 18

27.6;235 13; 14 or 14; 13

19.6; 18.3 7;8ar8;7
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TOSS was performed using spin-echoes
synchronized with the rotation of the sample to cause phase aiterstion of the spinming

sidebands, resulting in cancellation when successive spectra were added together.

Crystalline Forms (T) and (II) show different '*C-NMR spectra in solid phase. The

S signals (chemical skift ) and attribution of the corresponding carbon stoms (as mumbered in

the formula of lercanidipine hydrochioride shown below) are represented in the following
Tables 4 and 5, respectively.

/"\./Noz T/\T
|
I 28 0 1 " /m\ I
IS o sl
H,CO .

I! Il 14 I!I 5 & \ﬂ
TN ]
H 7 or m\/a

10 . i 2
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Table 9. Raman spectrum of crystalline Form (II) -

Wave number (cm™) - Peak intenaity *
3074 M
3064 M
3055 M
3048 M
3030 M
2973 M
2540 M
1675 S
1647 S
1630 M
1584 M
1489 M
1351 Vs
1005 M
995 M
103 Vs
85 S

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

EXAMPLE 19 Bioavailability of crystaliine Forms (I) and’(Il)
Examplo 19a-Dog
Amldywclniendn:ixBeagledogstoevﬂmmebion\(ﬁhbﬂityof
crystalline Forms (¥) and (II).
The products, in micronized form, were administered arally 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 moming of the day of the experiment.



5

10

15

WO 03/014084 PCT/EPO2/08699

Blood samples were taken at given times and plasma concentrations of lercanidipine
" were determined with a stereoselective analytical method HPLC-MS/MS, according to the

~-fellowing -working conditions; :

Lercanidipine was extracted from dog plasma by means of a liquid-liquid extraction
with a mixture of n-hexane and ethy] 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 camried ouf; the two enantiomers of lercanidipine were scpamated on a
CHIROBIOTIC V column (Vancomycin) (particle size 5 m, column gize 150 x 4.6 mm
(ASTEC, NJ, USA)) and were detected with a mass spectrometer (MS/MS) by using an
electrospray technique.

The snalytical method was validsted in & cancentration mnge 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.

The profiles referring to the average concentrations of lercanidipine for both forms
are shown in Figure 10. The following Tables 10 and 11 show single values referring to
AUC, TmaX, Conex and to plasma concentrations,
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TABLE 10. Mcan values (o=5) of AUCp, Crex and Tyuex of lercanidipine hydrochloride
(S+R) crystalline Form (I) and crystalline Form (II), in dogs, after oral administration at a

PCT/EPU2/08699

dosage of 3 mg/ke.

Form (T)

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

AUCo. 1541 |263.83 [27.544(46.57 7039 |28.72 |37.73 {19.12

ng/h/mi

Tmax (h) 200 400 | 600 | 3.00 | 3.00 | 6.00 | 400 | 1.67

Canx 8.29 |128.87 [11.62 |27.17 |2258 |17.83 |17.50 | 6.91

(ng/ml)

Fom (1)

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

AUCq+ 54.59 |119.77 |75.62 |173.82 |142.34 |61.91 [104.68[43.99

ng/h/ml

T () 300| 150 | 150 | 400 | 200 | 6.00 3.00| 1.61

Coex 1846 | 52.19 |19.78 | 52.64 | 55.38 [18.56 | 36.17|17.27

(ng/ml)

* not included in the calculation of mean value

36
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Table 11. Average concentration in plasma of lercanidipine hydrochloride (S+R)
crystalline Form (I) and crystalline Form (fI), in dogs, after oral administration at a dosage
of 3mgkg-

Form (I)
Time (h) |Dogl |Dog2* |[Dog3 |Dog4 |Dog5 |Dog6 |Mean | SD
0 0.00 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00
05 0.1 020 { 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.02
1 0.59 029 | 000 | 0.00 | 0.00 | 0.00 | 0.12 | 022
1.5 1.83 106 | 032 | 000 | 133 | 0.00 | 0.70 | 0.73
2 8.29 8954 ({ 094 | 035 [17.11 028 | 539 | 634
3 444 3639 [ 092 |27.17 |22.58 129 (1128 |11.11
4 1.81 128.87 | 942 [11.07 - 1639 | 6.26-| 899 | 556
6 0.80 2665 (1162 | 253 | 973 (1783 | 850 | 650

Form (II)
Time(h) [Dogl |Dog2* [Dog3 |Dog4 |Dog5 |Dogé6é |[Mean | SD
0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00
0.5 0.00 |22.67 | 699 | 000 | 000 | 0.00 | 140 | 2.61
1 000 |52.13 |16.61 | 550 | 3.28 | 0.00 | 508 | 591
1.5 023 |52.19 |19.78 |3543 3269 | 3.49 |18.32 |14.88"
2 76 |[3545 [17.81 |38.10 [s538 (1019 [25.82 [1923
3 1846 [1743 |1580 |28.36 |40.57 114.10 |23.46 |12.56
4 1483 | 5.17 |14.10 |52.64 [23.66 |13.24 [23.69 116.26
6 805 [ 450 | 3.62 {1746 | 6.76 [18.56 {10.89 | 6.82

* not included in the calculation of mean value
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The formulation containing Form (II) is more biocavailsble than the ane containing
crystalline Form (1) in 5 animals out of 6.

To aimplify the comparison, dog 2 was excluded from the evaluation, since after the
administration of Farm (I) dog 2 shows a plasma AUC of 264 ng/h/ml versus & mean value
of 38 £ 19 (SD) of the other 5 dogs. On the other hand, its AUC after administration of
Form (I) is similar to that of the other animals, the value being 120 versus 105 + 44
ng/h/mL

The bioavailability of lercanidipine hydrochloride (Form (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 (T). 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) sbsorbed
after administration of crystalline Form (II) is 3 times higher that of Form (I), whereas the
absarption speed, expressed a8 Tox, 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/m! after administration of Form (II).

EXAMPLE 19b-Man _

A study was carried out on 16 healty volunteers to assess the relative bioavailability of
lercanidipine hydrochlaride Form (I) and Form (II). Form (I) was represented by a tablet of
Zanedip® corresponding t010 mg of lercanidipine hydrochloride (Reference —R). Form (1I)
was administered in form of a 10 mg tablet prepared exactly in the same way gnd with the
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same composition of Zanedip® 10mg, starting from micronized Form (II) having the same

" particle gize of Form I (Test-T). Blood samples were taken at 15 points from time 0 to 24
.h post-dosing end plasma concentrations of larcanidipine were determined with a

stercoselective analytical method HPLC-MS/MS. The pharmacokinetic parameters

®

obtained are given in the following table
Form (I) Form (II) Point Estimate |90%C.I.
geom. least | geom, least | (T/R)
uare mean square mean
AUC g 8.82 10.36 1.17 093-1.48
| (ng-h/mlL) :
Cox 3.18 32 1.01 0.73-1.42
| (ng/mL)
- 1.50* 2.50* 0.75%* 0.00-1.25
(b)
Cma/AUC 0.386" 0.329° 0.85 0.69-1.02
* medi
*# medisn differenco
A lsast square mean

10

The obtained. results indicated that lercamidipine bdyrochloride Form (II) was not
bioequivalent to Form I, with Form (II) obtaining higher plasma levels, that lercanidipine
hydrochloride Form (T) has a e that is shorter than that of Farm (II), suggesting s its uss
in immediste release fonnulations. |
EXMLEZIIX-nydlﬂ‘netlon_undlu

Philips PW 1710 and Philips X pert PW 3040 powder diffractometer (Copper Kot
nadiation) were used, under the following typical conditions: about 5-70 mg sample
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(without any previous treatment) with application of a slight pressure to obtain a fiat
surface. Ambient air atmosphere. 0.02° 20 stepsize, 2 sec step-1, 2-50 20.

- -The obtained spectra. are given in Figures 11 and 12 and the comesponding main
peaks are described in Tables 12 and 13. The dats are clearly different for new isolated
Forms (I) and (TI).

Table 12, X RD spectrum of lercanidipine hydrochloride Form (I). -

D (4) Relative intensity (Vo) | 2 8 angle
163 83 54
62 47 142
4.78 29 18.6
4.10 63 21.7
4.06 36 21.9
3.90 100 28

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

D) Relative intensity (Io) |2 0 angle
19.3 35 9.5
6.0 45 14.7
549 ° 65 16.1
4.65 52 19.1
427 74 20.8
3.81 41 23.4
3.77 100 23.6
3.58 44 24.8
3.54 29 25.2
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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
hydrochloride crysialline Forms (D and (II) were determined manually. Conditions
consisted of using a set point of 177°C and infroducing the capillary into the instrument
(Melting Point Apparatus model 535, Biichi Labortechnik AG, Flawil, Switzerland) at
approximately 5°C below the melting point. Results are shown in Table 14.

Table 14. Melting points of compositions consisting of known ratios of lercanidipine
hydrochloride crystalline Forms (I) and (I). 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 lsrcantdipine bydrochloride crystalline
Sample |Pure Form (T): Form (1) Pure

9:1 7:3

192.2 194.2 194.3

SeriesB |1859- (1844 [1845- [186.7- |1865- |188.7- |190.6-
186.8 186.1 187.0 187.4 189.4 190.5 1929

U.S. Patent No. 5,767,136 discloses crystalline lercanidipine hydrochlorid
an having a melting point of 186-188°C. Table 14 shows that this melting point is exhibited
by mixtures of Form (I) and Farm(Il) in which the ratio of Form (I):Form (II) varies
botween 9:1 o 37 Bianchi et sl. (Drugs of the Futurs, 1987, 12:1113-1115) report a
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melting point of 186-188°C (non DSC) for a lercanidipine product they characterize as
“crystals”. Henoe, the melting point of & preparation of lercanidipine hydrochloride is not
sufficient-by-itself to- distinguish the perticuler-form- or -forms present-therein, and many
mixtures of different compositions have the same melting point range,

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 mull’Arda -PC- Ialy). Parameters arc as
follows: Injection pressure, 5 Kg/cmq; micronization pressure, 9 Kg/cmq; and cyclone
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 (GALAL Haifa, Israel).
Micronization is performed to obtain an average particle size of D (50%) 2-8 pm and D
(90%) <15 pm.

. - *
The present invention is not to be limited in scope by the specific embodiments
chlclibedhaam. 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.
Patents, patent applications, publications, procedures, and the like are cited
throughout this application, the disclosures of which are incorporated herein by reference in
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CLAIMS
1. Crude lercanidipine hydrochloride solid Form (A), having a melting

point-ofebout-150-152°€-(DSC peak)-and comprising sbout 3-4% (w/W) ethyl acetate.
2. Crude lercanidipine hydrochloride solid Form (B), having a melting
point of sbout 131-135°C (DSC peak) and comprising about 0.3-0.7% (w/w) cthyl acetate.
3. A method of producing the crude lercanidipine hydrochloride Form

of claim 1, comprising the steps of:

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

b)  reacting in-sity, the chloride of step ) with 2, N-dimethyl-N-(3,3-
diphenylpropyl)-1-smino-2-propyl alcohol to form crude lercanidipine hydrochloride; and

¢) 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
temperatare between -5 and +5°C.
5.  Thomethod of claim 3 wherein step c) comprises the steps of
i)  washing the crude lercanidipine hydrochloride of step b) with
water;

ii) movingihewmﬁomsbpi)mp:t;duceamixm;
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.iii) concentrating the mixture of step ii) and edding solvent to
produce a suspension having about the same volume as the
initial volume of the-mixtureof stop-ii}-and-a-water content,
according to Kar] Fischer, of between 0.10 and (.15%;

iv)  cooling the suspension obtained in step iii) to obtain a solid;

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 vif)-to produce the
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 ¢) ii) comprises removing the
water from step c) i) by azeotropic distillation under vacoum within the range 200-300 mm
Hg, st a temperature not higher than 60°C, to produce a mixture.
' 8. °  The method of claim 5 wherein the resuspending step vi) comprises

gtirring 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.

'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 es the initial volume of said mixture;
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and the water content of said suspension according to Karl Fischer , is between 0.1 and

" 0.15%.

11+~ - -The -methed-of -claim5;-wherein coeling: 4in- step iv) is to a
temperature within the range of 0-5°C.
12. The method of claim 5 wherein cooling in step vi) is to a
temperatare within range of 5-10°C.
13. A method of producing the crude lercanidipine hydrochloride Form
of claim 2, comprising the steps oft
g)  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 chlaride in an sprotic dipolar solvent end an aprotic polar
solvent to produce the corresponding carbonyl chloride;
b)  reacting inwity, the chloride of step &) with 2, N-dimethyl-N-(3,3-
diphenyipropyl)-1-amino-2-propyl slcohol to yield crude lercanidipine hydrochloride; and
) isolating the crude lercanidipine hydrochloride of step b) and recovering
crude lercanidipine hydrochloride Form (B).
14, The method of claim 13 wherein the reacting step b) is conducted at
a temperatore between -5 and +5°C.
15, The method of claim 13 wherein step ¢) comprises the further steps

i)  washing the crude lercanidipine hydrochloride of step b) with

water,
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i) removing the water from step i*) to produce & mixture having
a water content of about 2%, measured according to Karl
Fischer;
ili’) concentrating the mixture of step ii”) and adding solvent to
S produce a solution having about the same volume as the
initial volume of the mixture of step ii") and a water content,
according to Karl Fischer, of between 0.9 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
lercanidipine hydrochloride Form (B).
. 16. .The method of claim 13 wherein the chloride is thiony! chloride.
15 17.  The method of claim 15 wherein step c) ii") comprises removing the
mﬁmm_i-)wmmﬂummmdmm.
18. Ih;methodofclnimISwhaeinnq)c)iﬁ‘)compﬁsesemlﬁng
said mixture to 3/4 of its initial volume. |
19, Themethod of claim 15 wherein said solvent in steps c) iii") and vi’)
20 is ethyl acetate.
20, The method of claim 15 wherein the step ¢) iv") comprises cooling
the solution to a temperature within the range of 0-5°C.
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21.  The method of claim 15 wherein said step c) vi°) further comprises
stirring the suspension at 60-65°C for about ane hour.

22. - The method-of claim 21-wherein-said step c) vii*)-further comprises
cooling the solid to a temperature between 5 and 10°C.

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 sprotic dipolar
solvent i dimethylformamide and said aprotic polar solvent is ethyl acetate.

25.  Isolated lercanidipine hydrochloride crystalline Form (I), which has
the X-ray diffraction pattern, at wavelength Ko , as shown in Figure 11.

26.  The lercanidipine crystalline Form of claim 10, wherein distances,
(I/1o) ratios, and 2 0 angles of significant peaks in Figure 11 are:

DX) Relative intensity (VIo) |2  angle
16.3 83 5.4
62 47 14.2
4,78 29 18.6
4.10 63 21.7
4.06 S 21.9
3.90 100 22.8

27.  Ssolated lercanidipine hydrochlaride crystalline Form (IT), which has
an X-ray diffraction pattemn, at wavelength Ko , a8 shown in Figure 12. S

28.  The lercanidipine crystalline Form of claim 27, wherein distances,
(Ulo) ratios, and 2 0 angles of significant peaks in Figure 12 are:
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DX) Relative intensity (/o) |2 6 angle
9.3 35 9.5
6.0 45 14.7
5.49 65 16.1
4.65 52 19.1
4.27 74 20.8
3,81 41 23.4
3.77 100 23.6
3.58 44 24.8
3.54 29 25.2

29. A method of producing lercanidipine hydrochloride crystalline Form
(D), which has an X-rey diffraction pattern, at wavelength Kot, as shown in Figure 11,

which comprises:

d)  sdding a C1-C5 alcohol solvent containing & maximum of 5% water (v/v) to
a crude lercanidipine hydrochloride Form and heating under reflux and with stirring to
produce a clear solution;

©)  cooling the solution of step d) and stirring until the concentration of
lercanidipine hydrochloride dissolved in the crystallization solvent is <2%; and

f)  recovering the solid obtained from step ¢), and drying said solid to produce
the Jercanidipine hydrochloride crystalline Form ).

30.  The method of claim 29, wherein step f) comprises filtering the solid

obtained from step c), washing the solid with isopropanol and ro-filtering the solid before
drying.
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31,  The method of claim 29 wherein the alcchol of step d) is selected

" from the group consisting of isopropenol, ethanol and anhydrous ethanol.

32, - The method-of-claim-29;-wherein the-crude- Form is {ercenidipine
hydrochlaride crude Form (A), lercanidipine hydrochloride crude Form (B) or lercanidipine
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.

35. The method of claim 34 wherein said step ¢) 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 ovean.

37. A method of producing lercanidipine hydrochloride crystalline Form (II),
which has an x-ray diffraction pettern, at wavelength Kor, as shown in Figure 12, the
method comprising the steps of:

d”) adding acetonitrile to lercanidipine hydrochloride and heating the mixture thms
obtained to form a solution; '

¢") cooling of the solution of step d”) and stirring umtil the concentration of
lercanidipine hydrochloride dissolved in the crystallization solvent is <2%; and

£*) recovering the solid of step €”) and drying said solid to produce the lercanidipino
hydrochloride Form (II).
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38.  The method of claim 37 wherein said step d”) compriscs heating said
39,  The method of claim 37 wherein said step ") comprises cooling the
solution to roam temperature,
5 40.  The method of claim 39 wherein said step ¢”) comprises stirring the
solution a room temperature for 24 hours.
41.  The method of claim 37 whersin drying step ) takes place in an

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 Farm (C).

43. A method of producing lercanidipine hydrochloride crystalline Farm (),
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
stirring and cooling and adding crystalline seeds of Form (I);

¢") further cooling the seeded mixture of step d*) and stirring until the concentration
of lercanidipine hydrochlaride dissolved in the crystallization solvent is <2%; and

£°) recovering the solid of step ¢’) to form lercanidipine hydrochloride Form (D).

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.
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45. Themethod of claim 44 wherein said ratio is 1:4.
46. The method of claim 43 wherein said step d’) further comprises
filtering the heated solution: - -- - --- e s -
.47. The method of claim 43 wherein cooling in said step d°) is to a
temperature of 20°C while stirring.
48. The method of claim 43 wherein cooling in said step ¢") is to &
temperature between 10 and 15°C.
49.  The method of claim 43 wherein the drying in said step f) takes
place in an oven at 70°C.
50. The method of claim 47 wherein suthentic seeds of lercanidipine
Form () are added at the end of cooling in steps ¢*) and d').
51. A method of producing lercanidipine hydrochloride crystalline Form
(1D, which has an X-ray diffraction pattern, at wavelength K , as shown in Figure 12, which
comptises: .
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 end stimring until the concentration of lercapidipine
hydrochloride dissolved in the crystallization solvent is <2%; and
") recovering the solid produced in step €™) to produce lercanidipine
hydrochloride Form (II).
52.  The method of claim 51 wherein ethanol is added in said step ™).
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53, The method of claims 51 wherein the water content of the solvent in
step d™) is batween 5 and 10%.

54. -The-method of:claim 51 -wherein cooling-in -said -step ™) is to a
temperature between 20 and 40°C.

5 : 55. The method of claim 51 wherein stop ) 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;

¢™) stimring 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 (1I).

' 57. The method of 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 sohution of step d"™).

20 59. The method of claim 56, wherein the protic polar solvent is an

sleohol solvent, '
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60. The method of claim 56, wherein the alcohol solvent is selected from

" the group consisting of methanol, ethanol, n-propanol, isopropanol.

61. -The method of claim 56, wherein the aprotic dipolar solvent is N-
methyl-pyrrolidone.

62.  The method of claim 56, wherein the temperature of said step d"™) is
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
at 70°C. 65. An sntihypertensive phermaceutical composition comprising

(1) crystalline lercanidipine hydrochloride and optionally other forms of lercenidipine,
lercanidipine hydrochloride crystalline Form (), lercanidipine hydrochloride crystalline
Form (i), and combinations thereof comprising a predotecmined content of each crystalline
form, and (2) at least onc component selocted from the group consisting of &
phnﬁaceuﬁeaﬂyaocephbhmﬁnrordilnmtuﬂwm;aswm,apmmaﬁw,a
dye, a binder, a suspending agent, a dispersing agent, a colorant, a disintegrent, an
excipient, a lubricant, a plasticizer, and an edible oil..

66. A unit dosage form comprising the antihypertensive pharmaceutical

_ composition of claim 65.

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

_ lercanidipine immediate release dosage form.
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68. The unit dosage form of claim 66 wherein the dosage form is a

69. The-unit dosage form of claim 66 wherein the dosage form
comprises a lercanidipine immediate releasc phase and a lercanidipine sustaived release
phase.

70. The unit dosage form of claim 66, wherein the composition
comprises 0.1 to 400 mg lercanidipine hydrochloride.

71. 'Ihelmitdougcfmmofchil.n 70, wherein the composition
comprises 1 to 200 mg lercanidipine hydrochloride.
_ 72.. The unit dosage form of claim 71, wherein the composition
comprises 5 to 40 mg lercanidipine hydrochloride.

73.  An antihypertensive compogition comprising predetermined amounts
of lercanidipine hydrochloride crystalline Form (I) and lercanidipine hydrochloride
crystalline Form ().

' 74. The antihypertensive composition of claim 73 wherein the
Jercanidipine hydrochloride crystalline Form (1) has a melting point of about 197-201°C
and the lercanidipine hydrochloride crystalline Form (II) has & melting point of about 207-
211°C, when said melting points gre determined as DSC peaks.

75.  The antihypertensive composition of claim 73 ar claim 74 wherein
the ratio of Form (I) : Form (II) is between 1:9 to 9:1.

gﬁ
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76. The antihypertensive composition of claim 75 wherein the ratio of
" Form (¥) : Form (1) is selected from the group consisting of 9:1, 7:3, 1:1, 3:7 and 1:9.
T7... . The.isolated lercanidipine. crystal Form-of any one of claims 25, 26,
27 or 28 comprising an average particle size of D (50%) 2-8 pm and D (90%) < 15 pm.
78. The antihypertensive pharmaceutical composition of claim 65
wherein said lercanidipine hydrochloride crystalline Forms (I) and (II) cach have an
gverage particle size of D (50%) 2-8 um and D (90%) < 15 pm.
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Mmr-:‘ — A serics of asymmetric 4-aryl-1.4-dihydropyridine-3,5-dicarboxylaies characterized by the presence of a 3.3-diphenyl-
propylamino moiety in one of the ester groups wen' synthesized. They exhibited remarkable antihyperiensive activity in sponta-

neously hyperiensi

nel. lm’.'mduclion of this bulky and lipophil
duration of action, & struct
branched

ive rats a5 well as affinity for the 1 4-dihydropyridines binding site labelled by 3H-nitrendipine in the calcium chan-

amine confers 10 the whole series an elevated level of antihypertensive activity and 2 long
ndent modulation of the activity being found anly in the rubset characierized by the of a
Jene bridge between the ester and the amino groups. The presence

the amino group is essential for activity, Out

of this senies, compound 9u (Rec 15/2375-lercanidipine) was selected for clinical development and obtsined morketing authorization

as an antihypenensive in several countries. © Elsevier. Paris

1, 4-dihydropyridine / antlhypertensive / calchum antsgonist / Rec 13 / 2375 / lercanidipine / calclum entry blocker

1. Introduction

The presently available drugs classified as calcium
antagonists (calcium entry blockers) are largely
employed in a number of cardiovascular diseases, in
particular hypertension and angina [1, 2]. The possibi-
lity of extending their use to other therapeutical indi-
cations, such as cerebral insufficiency and vasospasm,
migraine, hypertrophic cardiomyopathy, ventricular
and supraventricular tachyarrhytmia, atherosclerosis
and others contributes to maintain an elevated imerest
for these agents [3-7].

With regard to their structure, calcium antagonists
can be roughly divided into two main groups: (a) the
4-aryl-1 4-dihydropyridine-3,5-dicarboxylic acid esters,

*Correspondence and reprints

ERINCY VIl YD LT L U S .

and related derivatives, and (b) compounds containing
one, or more, aryl moieties bearing a basic side chain
as the essential active structure, such as verapamil,
Ei;l_nlaoz]cm bepridil, cinnarizine and prenylamine

The dihydropyridines atiracted the interest of many
medicinal chemists. because of their high potency and
selectivity of action, and many modifications of the
original structure of nifedipine have been carried out,
leading to new active compounds [11, 12].

Among the performed modifications, the introduc-
tion of bulky, lipophilic aralkylaminoalkyl chains as
one of the two esterifying groups at position 3 or 5,
led 10 the discovery of new, very potent calcium anta-
gonists. The first compound of this type, nicardipine
[13] is widely used as antianginal and antihyper-
tensive. Other analogues, namely bamidipine [14],
benidipine [15) and manidipine {16], recently entered
the markel or are in advanced clinical trials, such as
NKY-722 [17] and palonidipine {18] (see figure I).



Figure 1. Selected baaic and lipophilic calcium-antagonists.

Following this approach, our group investigated
new esters of 2,6-dimethyl-4-aryl-1,4-dihydropyri-
dine-3,5-dicarboxylic acid in which one estereal group
represents & N-(3,3-diphenylpropyl)aminoalkyl moiety,
which are reporied here (zabie I).

The 3,3-diphenylpropylamino chain was chosen as
a bulky, lipophilic group with the aim of improving
the duration of action and also because it is present in

ENENOCIN <XP  4t37ETA | >

other calcium antagonists such as prenylamine [19]
and fendiline [20] (see figure I).

Other structural variations were carried out, namely
modification of the aryl group, of the non-bagic ester
chain and of the alkyl bridge between the carboxy and
the amino functions, with the aim of possibly optimi-
zing the pharmaco-toxicological properties of this
series of compounds.



Table I. Alkyl N-[diphenylalkyljaminoalkyl 4-aryl-1.4-dihydro-2.6-dimethylpyridine-3,5-dicarboxylates 9°.

0O A& O

L

R,

o,
o-u-y)\"’q‘h

401

Copead R Ar AR [N | 8 Metod  Yied  Elkentskrbme
(L 3] parification
o, 2NO-CH, {CHy N, B A W CHCI-ErDAC (100D 10 §7:3)
» (« ANO~CH, o) cHy R A &0 CHOBX0AC 83:13 10 1:1)
* i, 3.0, (CHy), a H A &y CHO-BY0AC t4:1 0 312)
] CH, oomfmmmyl  (CH» o, R A » CHO,-EsDAC 1100010 97:3)
* o, MNO-CH, (), H H A k'] CHOEOAC (4:1 1o 1:1)
ol CH, 3-NO,-CH, CHy)y o, o, A a CHO,-B10A: {1000 10 8515 10 0:100)
% Cy 3NO~CH, (CHy), o H A B CHO-EX0AL (100010 7:3)
» {CHLH 3NO-CH, (CHy), o4, R A U wi-Ei0Ae [4:1 1032
] {CHCHCH, 3NO-CH, (CHy) o, H A 2 wi-E:OAc (X1)
] CHCH),OCH,), =NO-CH, (CHy), oy H A » tol-E10As (9:1 073}
" o, MNO~CH, ) o, R A L CHO-EOA (100010 23)
L iy 3N0~CH, (CHy)y (« Ny A 4 CHCI-B10As (9:] w0 X1}
S o 3-N02-CEH4 (OH;), i, H A L1 CHCY-Me, 00 1953 10 73)
» H, LNO-CH, CHCH)CH, O, H A B CHOEIOA: (953 10 7:3)
%/ B, n CHOL,-EDAC{I0D 10 I:))
B » CHCI-Bx0Ac (10010 1:1)
% {CHyH INO~CH, CROCH, O, H c M w-EDA: (3:1 0 &10)
%» CHACH,),00H,), MNOr-CH, CHOLCH, O H ¢ ] wh-EDAe (41 0 I:1)
L] CHACH,XOCHOICH,:  3-NO-~CH, CHOHJH, W, H c L whE0A (%:1 0 1:1)
» (CHyHCHCH, 23arCH, CHCH)CH, O H A 5 CHO-EOA (4:1 032)
» CHCHy), O 232.0-Cy CHCH)XCH, N, H c -] wol-EDAe (4:1 0 1)
L] ay 3NO-CH, CCHNCH, H H 5 L CH.OrB0Ac (7:3)
S CH, -NO-4 Cren,yCH, oY, H B “ CHOL-EDA (1000 1 70:30)
~, = - c 3 petrolenm mher-Me.CO SR 10m B515)
L = 4NO-CH, QCHyKH, i, H h L) CHO Mo 0 1000w 73
» GHy m R )CH, CcH, H ¢ L petrolenn, ether-EIOA: (4:1 1037)
[ (CH)CH 3NO-CeH, CICHyCH, cH, X c 1y CHC-Me,CO (1000 95:3)
] CHC8;)00CHy); MNO-CH, QOLCH, 4, H c ¥ CHOY-Me,CO1100:0 0 94:5)
L CHYCH,OCHLIH,),  MNO~CH, QCHy,CH, CH, H C « CHO-Me00 (1000 0 924)
S ~) 130-CH, QOHyYCH, o, R c * CHO-MeCO(100:0 0 93:5)
b cH, SNO-CH, CHCHLXCH), O, R B, e CHO,-BiDAe (10:010 0:10)
e al 3-NO-CH, QOyicH), L L] n peurieny ether-Me-C0 (73 10 &)
d ay, INO-CH, CHOCHCH, CH, H B o petrolems aher-ExOAC (7:3)
S o, LO-CH, CHOMH)LH, ON, | h M petrolonts her-EIOAE (9:1 0 X1)
o o 3-NOr-CH, OO, o H » o pewciems echer-BI0AZ (41 B %:1)
oy iy HNO-CH, CICH)CH, o, =0 B L pesolents ether-EOAC (3:7)

Compoasds Se-f werr iscland a5 HCI s “H,0; “0.840; ) N-dimetiyl-3, 3 Gighery\propylamise mcd for the syreiesls of these compounds ws yrepared acconfing 1 e lexsosr [215
5.0, ‘imescarmes t lower X); Misstereomer at higher Ay NL1H,0.
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2. Chemistry

The asymmetric monobasic diesters of 4-aryl-1,4-
dihydro-2,6-dimethylpyridine-3,5-dicarboxylic acids,
listed in table I, were synthesized by three different

raxhes beggonieb ' m Sypure’s.

The haloalkyl aceloacetsies 2, prepared starting
from the ing haloalkyl aicohols 1, were
reacieh wiin fpe ninddie hidnvbes D 10 Five ine
haloalkyl 2-arylideneacetoacetates 4 as mixtures of
the E/Z isomers. The suitable commercially available
or synthesized aminocrotonates 5§ were condensed
with 4 10 give the alkyl haloalkyl 4-aryl-1,4-dihydro-
2,6-dimethylpyridine-3,5-dicarboxylates 6. For the
prepuration of intermediate 6e it was more convenient
(@ caryy ooh ine enerfhtanon th ).5-tHyyiro. 5-thme-
thyl-3-methoxycarbonyl-4-(3-nitrophenyl)pyridine-5-
carboxylic acid with 1,4-dibromobutane in anhydrous
LME and (@ the gresence of K0, The Galdeciva-
tives 6 were then used to perform the alkylation of the
diphenylalkylamines 8 by the general method A to
give the desired compounds 9a--n,r.

The 3-alkoxycarbonyl-4-aryl-1 4-dihydro-2,6-dime-
m‘ylpyﬁdine-s-cuboxylie acids 7 were used to este-
rify the N-(thydroxyalkyl)-diphenylalkylamines 10 by
method B, aliematively using a condensation lgﬂlt
(DCC in the presence of DMAP) to give the final
compounds 9nab (method B,) or via acyl chloride
formation to give 9t-v,ac-ag (method B.).

Following the third pathway, some aminoalkyl-
alcohols 10 were reacted with diketene (o give the
commesponding  N-(diphenylalkyl)aminoalkyl aceto-
acetates 11 which were condensed with 3 w0 give the
comresponding arylidene derivatives 12, Su ent
cyclization with the suitable aminocrotonates S by
method C gave the desired compounds 90-q.5.0,w-aa.

In steps i and vi diketene can be successfully
replaced by its acetone adduct (2.2,6-trimethyl-1,3-
divexim-H-ont) "oy Yoerahage i Yner venprensures, "m
the reaction between intermediates 7 and 10 (method
B,\. the Tormafion ol diqgvéiohexvicarbodiimiide
@bbuct occurreh reulily. "o 2 ong TeRtinon tme wan
nee:‘l’edinofdertoobuintheeltﬂlDin acceptable
yields.

For the preparation of 23-dichlorobenzylidene-
pastapcetster & ank 2% howger conctionr Smer with
TS to the other arylidene derivatives or heating
with CF;COOH/CHCI, was needed in order to accom-
plish the elimination reaction. Attempts to synthesize
intermediates 12 in refluxing CH, in the
piperidinium acetate as catalyst resulted less satisfac-
tory than using excess HCl in CHCl). This migit
be due to basic-assisted hydrolysis of the aminobenzyl-
idene dedivaiives formed. Sometimes, the 7e-forma-
tion of amall amounts of the comresponding 10 and 3
(5 to 10%) was noticed, after prolonged contact with

;valﬂorlilicngeloﬁheaemmpoundsinu:ehne
orm.

In some cases, the HCl-catalyzed condensation 1o
12 afforded also minor amounts of the addition
compound of HCl to the benzylidene double bond.
spemc mut;s*_, #{%egxmn £gur¢s 3 and 4.

ition iphen: mylm&lhmim o
Sldptanlann yuve b Saminniieone 1S B0l ‘we
C-alkylated via methylmagnesium iodide, yielding the
desired aminoalcohol 10e. Intermediate 13 was also
reduced with NaBH, to give the cormes i
aminoaicohol 10d.

:: figure 4, estuig:::tion of 3-methylcrotonic acid
with ethanol gave commesponding ester 14; the
wldiviam tonieon. o e 3 woilalie, 33~
diphenylpropylamine to this ester gave the 3-amino-
butyrate 15. Alkylation of this secondary amine with

fadide grve the tert-aminocster 18 thae was
finally reduced with LiAlH, yielding 10g.

Some of the 1. 4-dih ridines 9 were isolated
as hydrochioride salt in form of amorphous solids,
becanse of difficulties in obtaining crystals. When the
NMR spectrum of compound Su and some other 9
derivatives having only the C, chiral center, in the
"HC! form were recorded in CDCIl, solution at high
field (200-300 MHz) complex specira were obtained,
suggesting the of two different species,
probably due to intramolecular interactions. This will
be the subject of a separate publication.

The structure and main characteristics of the inter-
medintes vtilized are shown in rables II-VIIl. The
‘final’ compounds are listed in table 7.

3. Pharmacology

Radi binding studies were performed with
’Jl:;niu-endi.pme on r%tv brain mean;;mne. according to
Jaaihnd nosivaily ogveed 1777) “Xew sevgrnunis
were assayed as solutions in ethanol and the affinity
Lor the. channel i enoxied oz 10 (concentotion inh-
w&wsmmm s} 20 sgrealiyime). In
table IX.
The antihypertensive activity of new and known
was tested in 12-16 weeks old SHR/Crl/
SR oy 3 armiy gy Jdon Tewt aar
administered by gavage as suspensions in 0.5%
methocel in saline. Conscious animals were
warmed at 37 °C for 15 min before tail-cuff i
of systolic blood pressure [28]. The antih ive
cffects at peak time were cxpressed as (dose
iwu-ingprx 25% the systolic blood pressure). The
time of effect was mﬂy about 3 h, with few
eacepaions reponed m .
Indicative acute toxicity was determined after
intraperitoneal and oral administration of test
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Figure 2. Synthesis of final 1,4-dihydropyridines 9.
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Fligure 3. Synihetic pathway for aminoalcohol 10d and 10e.
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) LIAIH,, B0, refhex

Flgure 4. Synthetic pasthway for aminoaicohol 10g.

compounds, as suspension in 0.5% methocel in saline,
to Cri/CD-]-(ICR)BR mice (4 animals per dose). For
the interesting molecules, indicative acute toxicity
was also determined in Sprague Dawley rats by intma-
venous administration of solutions in aqueous propy-
lene glycol (4 animals per dose). The mortality rate
was recorded over & 14-day period.

4. Results and discussion

As shown in rable IX, most compounds exhibited
antihypentensive activity and affinity for the calcium

BRI VB MMTFFTMA I~
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channel labelled by *H-nitrendipine comparable or
better than the reference 1,4-DHPs. A trend to corre-
late was found between the in vitro and in vivo results
(see figure 5), 1aking into account that the oral admi-
nistration route was used for testing the anti-
hyp;n?nsive activity (¥ = 5.49 — 0.53X; r = 0.723;
n=3l).

With regard to the structural modifications per-
formed, the following comments can be made. With
regard to the aromatic group at position 4 of the 1,4-
DHP ring, Ar, the 3-nitrophenyl group showed the
most desirable profile for pharmacological and toxico-

logical properties.
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Figure 5. Corrclalion between sffinity for the calcium
channel binding site (plCyy) 8nd the antihyperiensive acti-
vity in SHR {log ED.). Pointx shown as closed circles were
excluded from computation.

In agrcement with the known SAR studies on this
class of compounds [8. 29-31), the introduction of the
4-nitrophenyl group (compound 9v) caused loss of
activily. A lendency !0 a Jonger durstion of the anti-
hypertensive effect was noticed for compounds
bearing the 2.3-dichlorophenyl group. in particular for
9¢.

As far as the non-basic ester group R is concerned,
in the subset where Alk is an ethylene bridge
(compounds 9b,g-J) ethyl, i-propyl and /-butyl
showed the best antihypertensive potency. whereas
methyl group proved in general more poient when the
ethylene bridge was branched (compounds 9n—s,u-x).

Derivatives with R = propoxyalkyl resulted, on an
average. less toxic in mouse. Since this loss of toxi-
city upon oral administration was not paralleled by a
decrease in toxic effects after i.v. administration in rat,
it is possible that Jower toxicity in mouse is actually
due to lower bioavailability in this species. Changing
a hydrogen atom for a methyl group at R, or R, did
not substantially affect the pharmaco-toxicological
activity.

With regard to the alkylene spacer Alk, the propyl-
ene bridge of 9k proved the best among linear
chains. Branching with one or two methyl groups at
the oxygen-bonded carbon in the ethylene subset
enhanced potency and. in some cases, reduced toxicity
in the rat.

The diastereoselectivity found with the 2-propylene
derivatives 9n, and 9n; confirms the ability of this
structural element in modulating. direcily or indi-
rectly, the affinity for the 1,4-DHP site in the calcium
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channel. This modulating role was more evident in the
1,3-propylene derivatives 9acad.af, where formal
double methylation at position 2 of the chain afforded
the most potent derivative in the series (9ad). Quite
surprisingly, 9ac, combining the desirable features of
9k (lincar propylene bridge) and of 9u (C(CH,).CH,
in the bridge). proved significontly less potent than
9ad and said analogues.

The absence of antihypertensive activity and toxic
effects in the mouse seen with the 3,3-diphenylpropan-
amide derivative 9ag, in presence of a strong affinity
for the calcium channel, prompted us to evaluate its
antihypertensive effect upon intravenous administra-
tion in catheterized SHR following the protocol
described in [32). In this casc a strong antihyper-
tensive effect was noticed (ED,, = 44 ug/kg, versus
16 pg/kg for Su). pointing out a very low systemic
absorption for this compound upon oral adminisira-
tion and suggesting that the presence of the amino
group in the whole series influences more the bioavail-
ability of these compounds than their affinity for the
calcium channel.

Inspection of data obtained for the new 4-(3-nitro-
phenyl)-1 4-DHPs suggests that the introduction of
the 3.3-di ylpropylamino moiety confers to the
whole series an elevated and fairly constant level of
antihypentensive activity imespective of the structural
variations of the groups R and Alk, the only feature
which generates real differences in in vivo and in vitro
pharmacological activity being the position of the
gem-dimethyl group when the alkylene bridge is a
propyl chain (compounds 9ac,ad.af). In addition, the
presence of this bulky and lipophilic moiety confers
the new molecules a delayed peak of the amtihyper-
tensive effect, associated to a longer duration, with
regand 10 the less lipophilic nifedipine.

5, Conclusions

Compound 9u (Rec 15/2375-lercanidipine) was
selected for development and obtained marketing
authorization in severs] countrics as an antihyperten-
sive. The main characteristics of this drug.are.the slow
onset and long duration of its action. although in the
presence-of-low-plasma-ievels-and-short™plasrs half
life [33). This behavVioir is"explained” with the high
partition coefficient, measured both in n-octanol/
acidic buffer (log P = 6.0, pX,' = 6.83, see experimen-
tal protocols) and in artificial cardiac phospholipids
membranes (log Kynm = 6.1 at pH = 7.4) [34], which
confers an elevated lt!ﬂnity for the lipidic bilayer of
cells in the cardiovascular sysiem.

Lercanidipine is also characterized by high vascular
selectivity and absence of negative inotropic effects
[35]. In agreement with the results obtained with most
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chiral |.4-dihydropyridines [36], (S)-lercamdlpme
proved 1o be the eutomer. The synthesis of lercanidi-
pine enantiomers will be the subject of a sepamate
publication. Full accounts on the pharmacological and
clinical studies performed with lercanidipine are
reported in references [37, 38).

6. Experimental protocols
6.1. Chemistry

. saning materinls and solvents were purchased
from commercial suppliers. Flash chromatography was per-
formed on silica gel (Merck 70-230 mesh). Melting pointa
were determined on a Buchi 535 apparatus and are uncomected.
Infrared (IR) spectra were obtained on a Perkin-Elmer 297
infrared spectrophotometer and were consistent with the struc-

tures. 'H-NMR spectra were recorded on a Hiwachi-Perkin
E.lmcr R24A or on a Brucker AC 200. The chemical shifts (5)
in ppm relutive 1o tetramethylsilane. The purity of the
poundl was checked by TLC (Metel: silica gel 60, F254
0.25 mm). Analyses indicated by the symbols of the elements
were within $0.4% of the theoretical values.

6.2. Preparation of internediates 1
6.2.1. 2-Methyl-I-propoxy-2-propanol 1a

0.1 g-atom (2.3 g) of sodium was added in small partions 10
053 mol (32 g) of 1-propanol and the mixture was stimred uniil

sodium dissolution (1.5 h). The temperature was lowered to
80 °C and 0.1 mol (10.163&) of 1-chloro-2-methyt-2-propancl
wndded min. The mixture was stimed

mfor 10 h then cooled 10 room temperature,
ﬁlu:rad the filtrate distilled at normal pregsure; the fraction
collected ot 145-148 °C gave 27.7 g (52%) of pure compound.
Anal. CH,O; (C. H) 'H-NMR (CDCl,): 3 5 (L. 2H,
C-C-CH A3 (s, 2H, O-CH-C-0), 65 (s, 1H, OH),
1.55 (m, 2H, C-CH,~C-0), 1.25 (s, 6H, gem-CH;s), 0.95 (1,
3H. CH~C-C-0O).

6.3. Preparation of intermediaies 2 (table II)

6.3.1. 2-Chioro-1-methyletiyl aceicaceiate 2¢
M!nnl(SSAopufdﬂmmmldchdmilSmnm
040 mol (414 g) of 1-chloro-2 stirred a1 80 °C. Thell)

mixwre was heated at 100 *°C and 45 min the 1emperature
spontaneously rose to 120 °C for 20 min, Heating was conti-
nued a1 100 °C for additional 3 h then the mixture was cooled
10 room t ure and distilled in vacuo. The fraction
collecied at 113-115 *C/16 mmHg 'IVB 61.6 g (86%) of the
pure compound. Anal. CH, H, Cl). 'H-NMR
(CDCY,): 4.85-5.35 (m, IH, CH). .4-3.7 (m, 4H, CH,COO
and I}, 225 (s, 3H, CHe~CO-C), 133 (d, 3H,
COO-C-CH,). The product comained about 8% of its enolic
form whose main visible peaks are ns followa: 122 (s, OH),
1.95 (s, CHy-Cm).

dS.Z.J-OEWWmnH
0.315 mol ( gofd:kmmnddndmﬁmmh
0.3 mol (28.35 g) of 3-chloropropanol stirred at 70 °C. During

the addition the was ally raised to 120 °C
and then was kept at 100 °C for 3 h. Afier cooling to room

Table II. Alkyl and haloalkyl acetoacetates 2. Acetoacetates 2e-h were reacted with ammonia to give the comresponding

3-aminocrotonates Sa—d (rable IV).

f"o-n-l

L T |

Compound Alk-X Yield (%) B.p. ("Cymmlg Anal.
2a (CHC 89 115-117/19* -

2 (CH,p)-Br 61 83-88/0.4% -

2 CH(CH,)CH,CI 86 113-115/16 C, H.Cl
24 (CHCH 82 125-131115 C. H.C
2e CH(CH,), 84 73-75/15¢ -

1§ CH,CH(CH,), 83 93-95/15¢ -

. (CH,);O(CH,),CH, 92 125-128/16° -

2% C(CH3),CH,O(CH,),CH, 88 123-125/16 C.H

»100-102 °C/10 mmHg [13}; ®124-127 °C/20 mmHg [22); °66-69 °C/10 mmHg [23]; 9100 °C/22 mmHg [24]; ®130-137 °C/

20 mmHg [13).



temperature the mixture was distilled in vacuo and the fraction
collnad at 125-131 °C/15 mmHg gave 419 g (82%) of the
com)| . Amal. GH,;CIO; (C. H, Cl). 'H-NMR
(CDCI,) 4.2 (t, 2H, OCH~C-C). 3.65 {1, 2H, O-C-C-CH.CI),
33 (s. 2H, COCH,CO0), 2.2 (s, 3H, CH,CO), 2.05 (m, 2H,
O-C-CH~C-Cl). A peak at 12.3 (OH) and a pesk ut 5.0
(f‘O:CHCOO)wmpreum.mnbutedtoMS'idlhe enolic
arm.

&3.3. 2-Methyl-1-propoxy-2- acetoacetale 2k

0.347 mao) (29.2 g) of diketene was dropped in 40 min intoa
stired mixture of 0.316 mol (41.9 g) of 2-methyl-1-propoxy-2-
pa)plnol (1a) and 1 mmol (0.1 g) of triethylamine. preheated at
100 *C. Further ing lasted 4 h, withont exceeding the
temperature of 105 °C. Afier cooling to room tempersture, the
mixiure was distilled in vacuo and the fraction collected at
123-125 °C/16 mmHg gave 60.6 (88%) of the pure compound.
Anal. C)Hx0O, (C, H). 'H-NMR (CDC1,): 3.5 (s, 2H, COCH.,).
3.4 . 2H, O-CH~C-C), 3.35 (s, 2H, O-C-CH;-0), 2.25 (5.
3Hd, CHCO), |5 (m. 2H, O-C-CH,-C). 1.45 (5. 6H, gem-
CH,s), 0.9 (¢, 3H, O-C-C-CH,).

6.4, Preparation of intermediates 3

6.4.1. Benzofurazon-4-carbaldehyde

A mixwre of 0.01 mol (1.34 g) of 4-methylbenzofumzan
[39] and 0.011 mol {1.2] g) of selenium dioxide was stirred at
160 °C for 8 h. After cooling to room lem the mixtore
was crushed with EtOAc, the insoluble was removed by filtra-
tion and the filirate evaporated to dryness in vacuo. The crude

was purified by flash chromatography eluling with a
CHCI mleum ether 9:1 mixwure. Yicld 82% (121 g). m.p.
108-109 °C afier crystallization from cyclohexane. Anal

Table ITI. Haloalkyl 2-benzylideneacetoacetates 4 (E/Z mixtures).

Ar
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CHN,0; (C, H, N). 'H-NMR (CDCly): 10.1 (s, IH, CHO),
8.4-7.5 (m, 3H, aromatics). This compound was also obtained
in lower yield saning from 4-bromomethylbenzofurazan
through & Sommelet reaction [39].

6.3. Preparation of intermediates 4 (table I11)

6.5.2 2-Chloro-I-methylethyl 2-{3-nitrobencylidene)acetoace-
1ate

A mixture of 0.08 mol (12.2 g) of 3-nitrobenzaldehyde and
0.08 mol (14.3 g) of 2-chlovo-1-methylethyl acetoacetate 2¢ in
80 mL of toluene was saturated with HCI at O/5 °C. The solu-
tion was kept two days at room tcmperasture and after this
period a suwream of N; was bubbled to eliminate excess HCI.
The solvent was evaporated in vacuo and the oil was dissolved
into CH,Cl,, washed with H/O until neutrality. dned over
Ne-SO,, filtered, and cvaporated in vacuo
Crysuallization from i-propanol 5“: 20.7g (!3'!-) of th
compound {E/Z mixture). 5-96 °C. Anal. C...H...Clrluo,
(C. B, N, CI). 'H-NMR (CDEI;) 8.3-7.5 (m. 4H, wromatics),
755 (s. 1H, CH=C), 5.25 (m. 1H. COOCH), 3.55 (d, 2H,

C-CH.Cl), 243 (s, 3H. CH~CO-C), 136 (d. 3H,
COO-C-CHy.

6.3.2. 3-Chlorapropyi 2-(3-nitrobenzviidene Jacetoacerate 4d
A mixture of 0.17 mol (30.34 g) of 3-chloropropyl aceto-
acetate 2d and 0.17 mol (25.7 g) of 3-nirobenzaldehyde in
170 ml of wlvene was 1reated as described for 4c. neuude
ldplml‘iet:l flash chmn?phy elun with toluene.
50.9 g (95%). m. Amal. C,, uCINO, (C, H.
N Cl). 'TH-NMR (CDCl,): 8.50-7.50 (m. 5H, aromatics and
CH=C), 4.45 (1, 2H. COOCH}), 3.65 and 3.50 (21, 2H, CH.C]
of E/Z isomemm). 250 (s, 3H, CH),CO). 2.10 (m, 2H.
CO0O-C-CH,).

oL, s
Compound Ar Alk-X Yield M.p. (°C) Anal.
da 2-NO~CeH, (CH),Cl 58 Oil* -
4 3-NOC.H, (CH,);Cl 86 92-95> -
dc 3-NOGCH, CH(CH,)CH,C1 83 95-96 C.H,N,Cl
dd 3-NO,-C.H, (CHyCH 95 63-65 C.H,N.Cl
de 3-NO~CH, (CH,),Br 69 83-91 C.H.N,Br
a 23-ClCH, (CH,)C1 87 0il C.H.N.Cl
4g 23-ClC.H, CH(CH,)CHCI 100 Oil C.H.C
4h 4-benzofurazanyl (CHy),Cl 95 Qil CH,N,C

enriched in the isomer with higher Rp. m.p. 74-75 °C (i-PrOH) [25]; Psample crystallized from CCl,. m.p. 94-97 °C

(i-PrOH) [25].
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6.5.3. 2-Brumoethyl 2-(3-nitrobenylidene)acatoacerate 42

A mixture of 0.035 mol (8.3 g) of 3-nitrobenzaldehyde,
0.055 mol (11.5 g) of 2-bromoethyl acetoacetate 2b and 55 mL
of wiuenc was xawrsted with anh HBr at O/5 °C, The
solution was kept at room temperature for 7 days, bubbled with
a N. stream ond evaporated to dryness. The solution was
diluted with Er,0 and washed with with HyO umil neutrality;
the organic luyer was dried over mhzdmu Ne-SO,, filiered
and evaporaied 10 dryness. The residue was dissolved inlo
CHCI, (100 mL). sdded with tiflucroacetic acid (20 mL) and
the solution refluxed for 20 h. Afier cooling to room tempera-
ture the solution wus washed with H,O umil neutrality, dried
over anhyvdrous Na.SQ, and evaporated 10 dryness in vacuo
to give o crude (15.75 g) that was treated with boiling CCL,
{ mL). The insuluble was removed by filirstion, the filirate
was evaporaicd 1o dryness and the residue washed with Et.O
(60 mL) w give 12.9 g (69%) of the pure compound. M.
83-91°C. Anal. C,H;;BINO, (C, N, Br). 'H-N
(CDCl,): 8.5-8.2 (m. 2H, 3-nit l-H.~H,), 8.05-7.6 (m,
3H. 3-nitrophenyl-H,—H, and CHeC). 4.65 (1. 2H. COOCH,),
.'éas ’&I)'ld AS55 (2. 2H. CH,Br of E£/Z isomers). 25 (s, 3H,

LR

6.5.4. 2-Chlarwwthy] 242.3-dichlorobenzylidenelacetoacerate

A mixiwure of 0.1 mol (1735 g) of 2.3-dichlorobenzaldehyde,
0.1 mol (1645 p1 of z-dllormgyl acetoacetaie 28 and 100 mL.
of toluene wa saturated with HC1 ;1 (V3 °C and the solution
was kept at room tem ure for 7 days. After this period 8
streamn of N: was bubbled to eliminaie HC), the solution was
diluted wp::“ o) ldn:I' ;uhed ;:;dill':uo |;‘m:ls gu:'r:ity. The
nic was dried over s Na,SQO, evapo-
% in vacua to give an oily residue (35 g) that was dizsolved
into CHCl, (230 mL). added with trifluoroacetic acid (35 mL)
and the solution refluxed for 20 min. After cooling 10 room
ure the solution was washed with H-O until neutrality,
dried aver anhydrous Na,SO, and evaporated to dryness in
vacuo to give 285 g (87%) of the pure compound as a thick
ail. Anal, C,;H,CLO, (C. H. CN). '"H-NMR (CDCl,): 7.9 and
7.8 (25, 1H, CH=C of E/Z isomers). 7.6-7.1 {m. 3JH, aroma-
tics). 4.5-4.2 (m, 2H, COOCH.). 1.8-3.4 (m. 2H, CH.Cl). 245
and 2.2 (2x, 3H, CH,CO of E/Z isomers).

6.5.5. 2-Chiorm-1-methylethyt 242, 3-dichlorobenzylidene)-
acetuaveiale 4§
A solution of 0.1 mol (I‘J..Sd&of 23-dichlorobenzaldehyde
in 70 mL of twoluene was at 20°C to a solution of
.1 mol (".:)F) of 2-chloro-1-methylethyl acetoacetate 2c in
mL of toluene. The mixiure was salurated with HCl
/3 °C and the solution was kept at room te ure for
days. Afier this period a stream of N, was bub to elimi-
nute HCI, the solution was dilwed with Et;O and washed with
H,O unti} nevtrality. The organic phase was dried over anhy-
drous Na,SO, and in vacuo to give an oily residue
that was dissolved in CHCl, (300 mL) and added with trifluoro-
acetic acid (35 mL). and the solution refluxed for 20 h. Afier
cooling 10 room tem, re the solution was washed with HyO
until neutrality, dried over anhydrous Ns,SO, and evaporated
todmnuinvmntogiu!J.S.(lM)ofthe_Tm
compound as & £/Z isomers mixwre in form of a thick oL A
sampie of thiy mixture was flash chromatographed eluting with
toluene and the residue crystallized from cyclohexsne 1o give
the pure isomer melting at 63-65 °C. Anal. C,,HyCLO, (C. H,
Ch. H-NMR (CDCly): 7.9 (s, IH, CHaC-CO), 7.7-7.1 (m,
3H. aromatics), 5.5-4.9 {(m. 1H, COOCH), 3.5 (d, 2H. CH,C]),
2.5 (8. 3H. CH,C0), 1.25 (d, 3H, COO-C-CH,).

~p oy

6.3.6. }iChbmthyf 2-(4-benzafurazanylmethylidene Jaceioa-
cemie

A mixture of 0.1 mo! (16.2 g) of 2-chloroethyl acetoaceiate,
0.1 mal (14.8 g) of benzofurazan-4-carbakichyde and 200 mL

CHC], was sawmsted with anhydrous HCI at 0 °C. The solo-
tion was kept at room temperature for 7 days, bubbled with a
N, stream and evaporsied to dryness. The residue was dis-
solved in EtOAc and the sojution was washed with diluted
aqueous NaHCO, solution followed by H.O: the organic la
was dried over snhydrous Na,SQ,, filtered and eva 10

10 give the oily pure compound. (TLC CHCl,-BtOAc,

95:5). Yield 28 ot’ (95%). This compound was directly used for
the & is of the comre ing dihyd idine 6g. Anal.
C”H..CIN;O.. (C, H, N. CI). '"H-NMR ( ): 8.2-7.38 (m,
4H, 7 of benzofurazany] ring and CH=é 027
2.7-2 (2m, 2H, CH.CI of isomers), 2.8-245
2.4-2.05 (2m, 2H, COOCH; of £/Z isomers), 2.55 and 2.2 (25,
3H, CH; of E/Z isomers).

6.6. Preparation of intermediates 8 (1able 1V)

6.6 1. 2-Met-1-p 2-propyl 3-aminocrotonaie 5d

A stream of anh s NH, (150 g) was bubbled in about
50 h into a solwiion of 0.05 mol (10.8] g) of 2-methyl-1-
propoxy-2-propy] acetoacetaie 2h in 40 mL of CH,Cl,. Duri
this time the temperature was not allowed 10 exceed 15 °C
at the end the mixture was diluted with 50 ml. of CH.Cl,, dried
over anhydrous No,SO, and evaporated to dryness in vacuo at
roam empersture to give 10.]1 g (949 ) of the ocily compound,
which in some preparations conained from 3 10 10% of the
warting materigl, This product was used without further purifi-
cation for the synthesis of final compound 9sa. Anal
C||H;|N°j (C. H, N). JH.NMR (Cm,): 7.0-50 (bs, 24,
NH,), 44 (s. 1H, CHCOO). 3.5 (s, 2H, COO-C-CH,0), 34 (1,
2H, O-CH-C-0). 1.8 (5. 3H. CH;C=(C), 1.8-1.] (m, 2H,
O-C-CHC), 145 (s, 6H. 09 (1. 3H,

gem-CHys),
0-C-C-CH,.

6.7. Preparation of intermediares 6 (table V)

6.7.]. 2-Chloroethyl methyl l.‘-dih)dm-z.d-dimrhﬂ-l-(’

nirrophenyl)pyridine-3,5-dicarboxylate 6a

A mixture of 0.075 mol (22.33 '09) of 2-chloroethyl 2-(2-
nitrobenzylidene)acetoacetate 4a. 0.075 mol (8.50 g) J methyl
3-aminocrotonate and 60 mL of 2- was stimed &t
refiux temperature for 3 h. Afier cooling 1o room temperature,
usified by E’.'.'h"’d,w"’“'"“' aphy. cluing with CHCly. The
puri eluting wi "
collected pure fractions Cg.l.(!_l,—EtC')‘ie. 9:1) were pooled
and the solid residue obtained afier solvent evapuoration was
washed with i-PrsQ 10 give 112 g (38%) of pure Ga. h‘l:r
118-120°C (i-Pr-0). Anal. CyyH,WCINJO, (C. H, N. Cb.
{H-NMR (CDCl,): 7.8-7.0 (m, 4H, aromatics), 6.1 (bs, 1H,
NH), 5.75 (a. 1H. CH). 425 (.. 2H, COOCH,), 155 (1, 2H,
CH,CI). 3.55 (s, 3H, CH,0), 2.35 and 2.25 (2, 6H, 2.6 CHy).

6.7.2. 2-Chioro-I-methylethyl methyl 1.4-dihydro-2.6-dimethyl-
4-{3-nisrophenyi)pyridine-3.5-dicarboxylaie e

Same procedure as for 6a.Yicld 64% (afler column chromas-
0 , ehuting with CHC), and washing with H,'O); m.p.
115-119°C. Anal. C[.HHGNA (C. vy N, Cl). 'H-NMR
(CDC1,): 8.1-1.2 {m, 4H, aromatics), 6.05 (ba, 1H, NH), 5.05
and 5.1 (25, 1H. pyridi ), 42-3.8 (m, 1H, COOCH). 3.65
(s, 3H, CH,0). 3.5 (dd, 2H. CH,C1), 2.35 (s, GH, 2.6 CH;zs),
1.35 (dd, 3H, COO-C-CH,)-
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Table IV. Alkyl 3-aminocrotonates 5.
1]
g
HCT NN, 8

Compound R Yield (%) M.p. or b.p. ("C¥mmHg Anal.

S5a CH(CH,), 95 106-107720" -

5b CH;CH(CH,), 85 1317220 -

Se (CH)/O(CH),CH, 97 Oil=4 -

54 C(CH,),CH,O0(CH,),CH, 94 oir C.H.N

102-103 °C/12 mmHg [23]; ®116-118 °C/17 mmHg [26]); €120 *CX.7 mmHg [13]: ®not distilled by us since the crude showed

acceptable purity (tlc).

Thble V. Alky] haloalkyl 4-aryl-1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylazes 6.
Q M O

0 0 Gt

e,
Compound R Ar Alk-X Yield (%) M.p.(°C)  Anal.
6 CH, 2-NOr-C¢H, (CH:C 38 118120 C.H.N,Cl
6b CH, 3-NOr-CiH, (CHy,CI 62 136-138 -
6e CH, 3-NO-CH, CH(CH,)CHCl 64 I5-119 C.H,N.Cl
6d CH, 3-NOs-CH, (CHy,Cl 81 144147 C.H.N.C
6e CH, 3-NO,-CeH, (CH,)(Br 84 124-125  C.H,N,Br
of CH, 2,3-Cl-CgH; (CH:CL 44 167-160  C.H.N.Cl
g CH, 4-benzofurazanyl  (CH;):Cl 36 117-118 C.H,N.Cl
6h CH.CH, 3-NO-CeH, (CHC 67 160-12 C.H,N.Cl
a (CHyCH 3-NO+C.H, (CHY.C1 71 141-146* -
6 (CH,),CHCH, 3-NO-CJH, (CH)LCI 69 155-157 C.H,N.C
&k* (CH,),CHCH, 2.3-Clr-CHs CH(CH)CHLC1 48 Qil C.H.N,Cl
a CHy(CH)YOXCH,),  3-NO,CH, (CH)Cl 70 104-106 C.H.N.Q

2130-131 °C [23): ¥143-145 °C [23]: Sunstable 10 heating and silicagel.

AR YR YD 417778 1w
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47.3. 3-Chlomopropyl methvi 1.4-dihydro-2,6-dimesthyl-4{3-
altrophenyl)pyridine-3 3-dicarbaxylaze od o

The reaction was carried out as for 6a but using ethanol, as
reaction solvent, at reflux tempemture for 6 h. The product
crystallized from the resciion mixture. Yield 819%; m.p. 144-
l?:i *C (EtOH). Anal. C;sH;CIN,O, (C, H, N, Cl). 'H-NMR
{CDCl,): 8.2-7.2 (m, 4H, aromatics), 6.5 (s. 1H, NH). 5.1 (s,
1H, CH) 4.2 (1. 2H, COOCH,), 3.7 (5. 3H. CH,0), 3.45 (1. 2H.
CHLCI), 2.4 (s, 6H, 2.6 CH,s), 2.05 (1, 2H. H.+~C).

6.7.4. 4-Bromoburyl methyl 1.4-dikydro-2.6-dimethyl-4-(3-
nitrophenyl)pyridine-3.3-dicarboxyiate e

A suspension of 0.03 mol (9.96 g) of 1.4-dihydro-2.6-dime-
thyl-S-methox ]=4~{3-nitrophenyl)pyridin-3-carboxylic
acid {40). 0.09 mol (1943 g) of 1 .4-dibromobutane, 0.013 mol
(2.07 g) of anh Kf&). and 60 ml. of anhydrous DMF
was stirred at 50 °C for 2.5 h. After cooling to room tempera-
ture, the mixture was poured into 400 mL of H,O, extracted
with EtyO, the organic layer washed with H,0, dried over
anhydrous Ns.S0O, and ﬂ‘lwllﬂl to dryness in vacuo. The
oily residue was purified flash chroms y eluting
with CHCl-E10Ac (100:0 to 97:3) gradient mixture, to give
11,75 § (B4%) of the pure . Mp. 123-128 °C
(i-PrOH or CCl,). Anal. CapHpBrNQ, (C, H. N, Br). 'H-NMR
(CDC1,): 8.3-7.4 (m. 4H. aromatics), 6.45 (s, 1H, NH), 5.2 (s,
1H, CH). 4.3-4.0 (m, 2H. COOCH,), 3.75 (3. 3H, OCH,). 3.6
3.3 (m, 2H. CH,Br). 2.4 (s, 6H, 2,6 CHs), 2.0-1.6 (m, 4H,
O-C-CH.CH--().

6.7.5. 2-Chloroethyl methvi 4{2.3-dkmavhnyl}-l.4-dlhy-
dro-2.6-dimetirvipyridine-3,5-dicarboxylate

Same a8 for 6a. The reaction mixture was refluxed
for 8 h. cnude crysiallized from the resction mixture and
was purified by flash chromatography eluting with CHCl,—
EiOAc (1000 w 95:5) gradient mixture. Yield 44%; m.p.
167-169 °C {i-PrOH). Ansl. C,H,C},NO, (C, H, N, CI).
JH-NMR (CDC1): 75-68 (m, 3H, aromatice). 6.05 (s, 1H,
NH), 548 (s. 1H, CH). 4.25 (1, 2H, COOCHJ). 3.6 (s + t, 3H.
CH,0 and CH.CI), 2.3 (s. 6H. 2,6 CHz).

6.72.6. 2-Chioroethyl methyl 4-(4-benzafurazanyl}-1,4-dihydro-
2,6-dimethylpyridine-3,5-dicarboxylate 6g

p Su;eh rocedus nfor&.'l'heg:’cﬁmﬂr::mnwnﬂud
for 1 crude was puri by chromatography
cluting with CHCI~E10Ac (100:0 to 95:5) ient mixture.
The residue was washed with i-Pr.O and dried in vacuo a1
40°C for 2 h Yield 36%; mp. 117-118°C. Anal
CsHsCIN,G; (C, H, N, CD). 'H-NMR (CDCl,): 8.0-7.1 (m,
3H, arornatics), 6.8 (s, 1H, NH). 5.6 (s. 1H, CH), 4.3 (v, 2H,
ggocflﬂ'l:))- 3.7 (s. 3H. CH,0), 3.65 (1, 2H, CH,CI), 2.3 (s, 6H,

15)-

67.7. 2-CMoml'h§l ethyl I.Mhy:"m-.?.ﬂ-dhmhyl-l-ﬂ-uirm-
it e

a5 for 6a. The reaction was carried out in
ethanol at reflux temperamre for 7 h. Yield 67% (afier column
chrom ., eluent CHCL): m.p. 160162 °C (i-PrOH).
Anal. C,,H,,CINO, (C, H, N, Cl1). 'H-NMR (CDCl,): 8.2-72
(m, 4H, aromatics), 6.35 (bs, 1H, NH), 5.1 (s, 1H, CH), 4.3 (¢,
ZH, COOCHC-C]), 4.08 (g. 2H, COOCH-C). 3.6 (L. 2H,
CH,C1), 2.35 (s, 6H, 2.6 CHys), 1.2 (t, IH. COO-C-CH,).

6.7.8. 2-Chioroetkyl 2-methviprogryl 1,4-dlkydro-2,6-dimetlyl-
4-{3-nitrophenyljpyridine-3 5-dicarboxylate &

Same procedure as for 6a. Yield 69% (afier column chroma-
tography, eluent CHCL); m.p. 155-157°C (i-PrOH). Anal.

BNBDOCID: <XP 41273T1A | »

Cy HiCIN,G, (C. H, N, C1). 'H-NMR (CDCl,): 8.1-7.2 (m.
4H, aramatics). 6.2 (s, IH, NH), 5.05 (s, 1H. pyridine-CH),
4.25 (1, 2H, COOCH,~C~CI), 3.8 (d. 2H, ~C-C), 3.6
(. 2H. CHLI), 23 (s, 6H, 2.6 CHg). 20-1.5 (m, 1H, i
butyl-CH), 0.95-0.85 (dd. 6H, gem-CHys).

6.7.9.;’}-)53:5:_0-1 -mezrh _de_lhyl 2-meth 1-(2.3-4&&&»&-
Ph‘“ L ro-£L, :-’W"m"
ot chuing with CHO aof“‘ic“é s, Caft NG,

, eluting wi . 98:2). Anal. 0,
I O T NMR DO Tt o SH, ratices
64 (m, 1H. NH). 5.5 (s, 1H, pyridine-CH), 5.3-4.8 (m, 1H,
COOCH), 3.9 (d, 2H, ), 3.63-345 (2d, 2H, CH.QD),
2.3 (s, 6H, 2.6 CH,s). 2.3-1.7 (m, 1H, COO-C-CH), 1.3-1.1
(24, 3H, COO-C-CH,), 0.85-0.8 (24, 6H, gem-CHas).

6.7.10. 2-Chioroethyl 2. 1 4-dikydro-2 G-dime-
thyl-4-({3-nitrophenyi -ﬁZiur’ 3.3-dic¢: te 6l

Same procedure as for 6e. Yield 70%: { column clyoma-
tography. eluting with CHCl,—E1OAc gradiemt. 1000 10 97:3)
m.p. 103-106 °C (I-PrOH or CCl,). Anal. CxH,CINJO, (C, H,
N, Cl). H-NMR (CD(C1,): 8.4-1.3 (mn, 4H, aromatics), 6.3 (s,
JH, NH), 8.2 (s, IH, CH). 4.54.1 (m, 4H. 2 COOCH.).
36 Chiuy 2013t H. 0-C-Cliy O3 095 (¢ 3H.
- j‘ [1 (m| » ‘L »
0-C-C-CHjy).

6.8. Preparaiion of intermediates 10 (1able V1, figures 3 and 4)
?:I. 1-[N43.3-Diphenyipropyl}-N-methylamino J-2-propanol

Sof ot 45§ ot et s e
tion . - - iphen ine
[41] inoml.ofMeOEl nndiherncliunmim!: was kept &t
15-20*C in a plu round bottomed fiask for 3 days. An
additional amount anlene oxide (0.11 g:)“w added and
the mixture was kept in the same manner for 24 h. The solvemt
gAY o Hice. g6l clotng with CHCl, MeOH
oo silica g uti

¢100:0 10 93:5) gradicnt mixure. to give 2 § (70%) of the pure
gily compound. The anal sample was obtained afier
drying a1 40°CAS m Ansl. C,gHiyuN

O (C. H, N).
IH.NMR (CDCly): 7.2 (s, 10H, promatics), 395 (. IH,

CH-C-C), 3.65 (m, 1H, CH-O), 3.6 (5, 1H. OH). 2.6-1.8 (m,
9H, NCH, and 3 CHjs), 1.05 (d, 3H. C-CH,).

ﬁ%,z'“ 1.N<{3,3-DiphenylpropylJamino-2-methyl-2-propanoi-
A mixtore of 0.02 mo) (4.23 g) of 3,3-diphenylpropylamine,
0.005 mol (0.54 g) of I-d!luo-s.-meﬂlyl-!-pupmol and 5 mL
ofl_ylwustintdntldlulumpemmfurﬂh.Aﬂu
cooling to roam temperature, the fuspension was filtered, the
e sy ok g i s GG e
eluung with a X

115 mixture to give 1.37 g ﬂlep':l'uhln.mlwwn-

verted into its HCl salt that was crystallized from a E1OAc-
EtOH, 3:1 mixtare lo give l.llﬁﬂlﬁ)oﬁh nd. M.p.
199-200 °C. Anal. ('.'.:H,,NO- IC1 (C. H. N, gg 'H-NM%
(DMSO-d,): 9.5-9.0 (m, 1H, *NH), 7.70-7.2 (m, 10H, aroma-
tics). 5.35 (bs, 1H, OH), 4.25 (1. 1H. CH), 3.15-25 (m, 4H,

g:,CIL-I,N). 2.29 (bs, 2H, N-CH-C-0), 1.3 (s. 6H, gem-
5

483 J-Ifa-:fs.s-mp*euylpmpﬂ)-nﬂmj-zmm-z-

A mixture of 0.2 mol (45 g) of N-methyl-3.3-dj lpropyl-
i 08 ol (8.68 5 of 1-coro byl propanol wad
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Table V1. N-(Hydroxyalkyl) diphenylalkylamines 10.
ID-AI-I‘I'J.{/LC:C':“I
Compound Ak R, R; Yield (%) Mp.orbp. ("CVmmHg  Anal,
10a ~CH(CH,)CH~ CH, H 70 il C,H.N
10b ~C(CH),CH— H H n 199-200° C.H.N,Cl
16c —~C(CH3},CHy- CH, H 80 145/0.2 C.H,N
10d -CH(CH,XCH,)- CH, H 83 Thick oil C.H.N
10e =C(CHy)A{CH) CH, H 56 194196 C.H,N,Cl
107 —CH,C(CH;:CHr~  CH, H 65 147-148* C.H.N.Cl
10g ~(CH,)C(CHy) - CH, H 99 167-168° C.H.N,Cl
10b —C(CH,)/CH,~ CH, =0 83 B8-89 C,H.N
*As HC salt.
70 mL of xylene was stimed st reflux tempersture for 8.5 h. Was eV ot reduced pressure, the residue was treared
et o Bhore aad e AItals whs svepormed 15 whs dred over wrkydrous NasSOn flcred and coaporsied 1

dryness. The oily residue was purified by flash chromawgraphy
on silica elning with m,—MeOH (100:0 to 90:10)
gradient mixwre to give 19 g (80%) of the pure compound. A

was distilled to give the analyncal ﬂmgle B.p.
145°CA0.2 mmHg. Anal. CH,NO (C, H. N). H-NM%
(CDCly): 7.15 (s. 10H, aromatics), 3.9 (t. 1H, CH), 2.8 (bs, 1H,
OH), 2.8-1.9 (m, 4H, CH,CH,N), 2.3 (s, 3H, NCH,), 2.2 (s,
2H. N-CH~C-0), 1.05 (s, 6H. gem-CHjs).

%14.' ;—[N—(.i..i-Diphenﬂpmpylj-ﬂ-umhylam!m}-z-bumm

0.045 mol (3.3 g) of 95% methyl vinyl kevone was d'?d
in 20 min into a stirred sohution of 0.035 mol (7.87 g) of N-
methyl-3,3-diphenylpropylamine in 7 mL of Et,O at -5/+3 °C.
Aftcrwards, the solvent was evaporsied a1 TO0M tEMperature to
giwﬂﬂ;(M)dhmhu.Aumplewmvmedm
its HCI salt that was crystallized (o give lhemmnple
Mp. 133-135°C (M;i,CO or i-PfOH or Anal,
CxHxNO-HCI (C, H, N, C). *H-NMR (CDCl,): 13.3-12.5 (bs,
1H, *NH), 7.3 (s, 10H, aromatics), 4,0 (t, I1H, CH), 3.4-2.9 (m,
4H, CH,NCH,), 29-2.4 (m, 4H, CH~C-N-C-CH,), 2.7 (a,
3H. NCH,), 2.15 (s, 3H. COCH,).

j6.“%.5. 4-[N-(3,3-Diphenylpropyl}-N-mathylamino]-2-butanol
0.024 mol (0.9 g) of NaBH, was sdded in small

l:cl'uuu' and
at 0 °C into a solotion of 0.03] mol (9.16 g) of 13 in 30 mL of
MeOH. At the end of the addition (about 3 min), the solvem

dryness to give 9. Eoflh:nilypmduﬂ.ﬂmwudriedin
vacuo {about 0.4 g a1 room temperature) to give 7.73 g
{(83%) of the cmn?:und. Anal. CpH=NO (C, H, N).
IH-NMR ( 1,): 7.35-7.0 (m, 10H, aromatics), 5.6-5.2 (m.
I RS, s TR S

- 2 . (m' . B
{d, 3H, CH-C-0).

6.8.6. 4-[{N-(33-Diphenylpropyl-N-methyiamina]-2-metirvi-2-
buranol-HCl 10w Ph ot

A sohrtion of 0.051 mol (7.23 g) of methy] jodide in 6 mL of
anhydrous Et,O (distilled from LiAlH,) was slowly dropped
(30 min) into a mixture of 0.051 mol {1.24 g) of Mg, 10 mg of
1, and 5 mL of anhydrous Ei,O. Then, the mixhoe was heated
ai reflux temperature for 15 min uniil com Mg dissolution
and, after cooling to -5 “C. a solution of 0.042 mol (12.3 g) of
13 in 45 mL of anhydrous EtyO was added dropwise in 25 min,
withoul excesding the (emperature of 10 °C. Afier 18 h stirring
a1 1o0m tem) ure, the mixture was cooled, 10 mL of H,0.
150 mL of ExOAc and 4.5 mL of 50% AcOH were edded until
complete dissolution. Afier separstion of the organic layer, the
agueous phase was re-extracted with EtOAc and the collected

ic Jayers were washed with 5% squeous Na,yCO; solution

lowed with brine. The residue obtained from EtOAc e
ration w-:gniﬁedbytlnhchmm , eluting with a
CHC1,-MeOH, 98:2 mixnme, to give 7.411 ) of the pure
base. A sample was coaveried into s “HCI salt to give the
analyticel sample. Mp. 19%4-196°C (-FrOH). - Anal
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C;HxNO-HCI (C, H, N, CI). 'H-NMR (DMS0-d): 12.5-11.0

5 T 3,100 e, 4 G5, G

N m. . 5

'i!_:ll-l". I;Cl‘-'ll:'). 2.0-1.5 (m, 2H, CH,C-0). 115 (s, 6H, gem-
28).

68.7. z.z-nct_:;u;#-s-[ma,s-diphwmpﬂm-mmmmj-

mixture of 0.0] mol (2.61 g) of hhmqh;l-:i.}diphen }-
p-:Lylmﬁne-Hﬂ. 0.011 mol (Og mL) of 31% HCHO a{d
1 of AcyO was stirred ;1 100 °C for 30 min. A solution of
0.012 mol (1.08 mL) of i-butyraldehyde in | mL of Ac,O was
mpdn the same tempersiure and hesting was continued for
itional 30 min. The solvent was almost completely distilled

at 50 *C (1 mmHg), the residue was dissolved in H;O and the
solution was alkalinized and extracted with E,0. The crude
obtined after solvent evaporstion was purified by flash chro-
matogra; eluting with CH.Cl-MeOH (100:3 10 100:4)
gradient mixture to give 155 g (50%) of pure 3-[N-(3 3-diphe-
nﬂlhro?n-ﬂ-melh lamino}-1.2-dimethylpropionaldehyde.
'H-NMR (CDCl,): 9.5 (s, 1H, CHO), 7.3 (s. 10H, aromatics).
4.0 (t. 1H, CH), 2.7-1.9 {m, 9H, 3 CH;s and NCH,). 1.0 (s. 6H,

gem-CHys).

0.065 mol (0.25 g) of NaBH, was added a1 V3 °C to & stirred
solution of 0.003 mol (1.5 §) of the above aldehyde in 7 mL of
McOH. The mixture was stirred for 30 min m the same tempe-
rature and for 1 h st room wemperature. The reaction could be
monitored by TLC (toluene-MeyCO, 7:3). 35 mL of H.O was
then added and the mixiure was extracted with Er;O. The orgs-
nic was extracted with a solution of 0.6 g of oxalic acid
in 25 mL of B0, the aqueous solution was washed twice with
Et,O, alkalinized with 1 ml. of concentrated NaOH 10 give the
bese that was extracted with Et;0. Afier drying and evapora-
tion of the salvent, 1.38 g (B0%) of the pure oily hase was
obtained. This was converted into its HCl sali that was crysiml-
lized from Me,CO w give 1.26 ﬁ (65%) of 10f. M.p. 147~
148 *C. Anal. C;,H,NO-HCI (C. H. N, CI). '"H-NMR ( )
10.8-9.9 (m. 1H, *NH), 7.7-7.2 (m, 10H, aromatics), 5.0-4.4
¢m, 1H, OH), 4.1 {t, 1H. CH), 3.7 (s, 2H, CH,0), 3.5-2.5 (m,
SH, CHCH.N(CH,)CH.), 1.1 (s, 6H. gem-CH,s).

688 Eyl 3-IN{33-diphenylpropyllamino]-3-methyibuty-
rareHCI 13

A mixture of 0.088 mol (ll.ﬂ;)duﬁyl }mﬂhlv-l:mm
14 [42), 0.08 mol (17.43 g) of 3 3-di yipropylamine and
60 mL of EtOH was refluxed for 57 h. reaction was moni-
tored by GLC, that showed a 50% maximum rate of 15 farma-
m"lc'lu?mi“m@ﬁ:'by h:mmm;;vl mdﬂ:
resi was < y elu wi
CHCI,—CH,OWIW:O 1o 98:2) gradient mixture, Y'm 98¢
(36%) as base. A n.lgple was converted into its hydrochloride
salt M.p. 126-130 °C (ExQAc). Anal. CyH, NO#HCI (C, H,
N, Cl). 'TH-NMR (CDCL,»: 10.0-9.3 (bs, 2, *NH,), 7.3 (s,
10H, aromatics), 4.2-4.0 (m. 1H, CH), 4.15 (g, 2H, OCH~C),
3,0-2.6 (m, 4H, CH,CH.N), 2.7 (s, 2H, cn&_ % L4 (s, 6H,
gem-CH,s), 1.2 (1 3H, O-C-CH,).

6.8.9}, Erhyl "J-IN-I‘S.HHM.WJ'NM&}!MWJJ-

o e S g
ide. 0! g

Qm{.oflnhydlwlDMF(driﬂlm4 mog:u

eluting with a petroleum ether-Me,CO, 95:5 mixture. Yield

96 g (74%). A sample was distilled to give the analytical

sample; b.p. 190-195 *CA.7 Apal. CyHy NGO, (C, H,

N). 'TH-NMR (CDCly): 7.35 (s, 10H, sromatics), 4.15 (q, 2H,

COOCH,), 4.2-39 (m, I|H. CH), 24-2.15 (m, 6H.

CH. h, 225 (s, 3H, NCHy. 125 (L 3H,
k1.1 (5, 6H, gem-CH,s).

6.8.10.  3-[NA3.3-Diphenylpropyi)-N-methylamino)-3-methyl-
butanol-HC! 10g 4 o
A solution of 0.017 mol (6 g) of 16 in 20 mL of E,0
(distilled from LiAIH,) was d in L3 min into a stirved
suspension of 0.0255 mol {0.97 g} of LiAIH, in 20 mL of Et,0.
mantaining a reflux. After 3 h at 25°C, 1 mL of H,0,

1 ml of 35% IOHIlId3mL0fH=OWﬂ=ﬂI.IﬁOIB|’Fd*

and the mixmure was stirred for 15 min. The suspenasion wa
filtered, washed with Et;O and the solvent was evaporated to
dryness to give 5.25 g (99%) of 10g buse. A sample of this
thick oil was con into its HC] salt 10 give the analytical
sample. M.p. 167-168°C (Me.CO). Amal. C;, HCI
(C, H, N, CI). '"H-NMR (CDCly): 11.0-10.5 (bs, 1H, *NH),
1.55 (5. JOH, aromatics). 5.3-5.0 (bs. 1H. OH), 4.4-3.8 (m. 3H,
CH and CH,0), 3.0-2.5 (m. 44, CH,CH.N), 2.8 (s, 3H,
NCH,). 2.1-1.8 (m. 2H, N-C-CHy-C-0). 1.6-1.3 (m, 6H,
gem-CHys).

6.8.71. J.J-D}vhuﬂ-N42-h,‘dmw-2-mﬂhﬂpmpyl)-NmM-
pAsol' ool‘.om 1 (12.2 g) of 3.3-diphenyl 1
ution mol 2 B 3-di jon

chloride [43] in 30 mL of 1.4-dioxane was added l{%'{:
to a stirned solution of 0.05 mol (5.15 g) of 1-methylamino-2-
methyl-2-propancl [44] in 0.0525 mol (25 mL) of 2.1 N NaOH.
The mixiure was stirred st room temperature for 3 h and then
poured into 200 mL of H.O at S—lO'C.‘I‘harwi itate
Was extracted with 200 mlL Ey;,0, the ethereal solution
evaporated 1o dryness and the residue redissolved in CHCY,.
This solution was dried (CaCl,), filtered. evaporated 1o
and the residoe was washed repeatedly with petroleum ether to
give nﬁ (B3%) of the pure compound, A liitle amount was

stallized from cyclohexane 10 give the

.p. 88—89 °C. Anal. CyH»NO, (
7.2 (s, 10H. aromatica), 4.7 (1. 1H, CH), 3.9 (s. 1H, OH), 3.3 (s}
2H, NCH,), 3.05 (d. 2H, CH,CO), 3.0 (s, 3H, NCH,), 1.0 (5,
6H, gem-CHjs).

6.9. Preparation of intermediates 11 (1able VII)
69.1. 1 -HJVI-(.?.J-D:'phenﬂl"w}-”-mk_vhu!n]-z-m

dertoaceiate lla

0.084 mol (7 g) of dikeiene was at 95°C inwo a
stirred solution of 0.08 mol (22.67 g) of 1-[N-(3,3-di lpro-
pyl)-N-methylamino]-2-propano! 10m in 22 mL of ne.
Afier cooling to room temperature, the solvent was evaporated
inmuouﬂlhemiduempnﬁﬁedbyﬂnhchmmphy
eluting with EtOAc 10 give 20 g (68%) of pure compound
containing about [0% of the enolic form. The analytical sample
was obtained by repeating flash chrumm.npgﬁ. Anal.
CpHRNO, (C. Ho N). 'H-NMR (CDCL): 7.1 (s, 10H aroms-
tics), 5.15-4.7 (m, )./H. CH-O and enolic CHCOO), 4.1-3.8
(m. 1H, N-C-C-CH), 33 (5. |.8H, CH.COO0), 2.55-1.8 (m,
12H, NCH,, CH;NCH.CH, CH,CO), 1.2 (d, 3H, COO-
C-CH,).
6.9.2. 1-[N-(1.3-Diphenyipropyl)-N-methviamino}-2-meihyi-2-

acetoocetae 11b

0. mol (3.8 g) of diketene was dropped in 10 min m

85-100 “C into a stirred solution of 0.044 mol (13.1 g) of

FHN. ﬂm (C-:')ntﬁ:").



Table VIL N<(3.3-Diphenylpropyl)methylaminoalkyl aceto-
acelates 11.

f‘o-n-g'\ﬂ"m

o’ o, o

Compound Alk Yield M.p.(°C) Anal
1le -CH(CH,)CH,~ 68 0il C,H,N
11b -C(CH;xCHr T2 Oil C.H.N

1-[N-(3.3-diphenylpropyl)-N-methylamino]-2-methyl-2 -
nol 10c in 10 mlL of toluene. After 2 h gtirring at 80 °C, the
mixture was cooled to room ure, the solvent was
ted in vacuo and the residue was purified by flash chro-
matography. eluting with CHCI . (100:0 to 98:2)
jent mixture, 0 give 123 g (72%) of the ester. Anal
2HuNG, (C, H. N). 'H-NMR (CDCl,): 7.35 (s, 10H, aroma-
tics), 4.0 (¢, 1H, CH), 3.2 (s, 2H, ), 235 (s. 2H,
COO-C-CH,), 255-2.1 (m. 4H, N 4), 2.3 (5. 3H,
NCH)). 2.2 (5. 3H, CH,CO). 1.45 (s, 6H, gem-CH)s).

6.10. Preparaiion of intermediates 12 (rable VIII)

6.70.1. 1-IN4{3.3-Diphenyipropyl)-N-methylamino]-2-propyi 2-
(3-nit idene JacetoacetateHCl 12a

A mixture of 0.01 mol (1.5] g) of 3-nitrobenzaldehyde and
001 mol (3.67 g) of l-m-(is-diphenylpmpyl)-n-mahyl-
amino)-2 1 acetoacetate 11a in 14.5 mL of CHCI, was
saturated with HCl at 0 °C. After 3 days at 15 °C, the mixture
was diluted with CHCl,. washed with diluted NaOH uniil

neutrality and the organic phase dried over CaCl,. The residue
obtained afiey solvent ev. ian was dissolved in Bi,O and
an excess of 3.2 N HClin was added at 0 *C. The precipi-

tate obiained after Bt;O addition was decanted and washed
repeatedly with E1O to give 4.3 g (80%) of the product as E/Z
isomers mixture of the HCl sait as a plamsy solid. Anal.
CxHpN:OgHCI (C, H, N, Cl). 'H-NMR ((EDCI,): 8.35and 8.2
(2s. 1H. CH-C-C0), 8.0-6.9 (m, 14H, aromatics), 5.8-5.2 (m.
IH, CODCH), 4.2-3.8 (m, 1H, N-C-C-CH), 3.6-2.2 (m, 12H,
CH,N(CH,)CH,CH, and CH,CO), 1.4 and 12 (2d, 3H
COO-C-CH,).

6.10.2. 1-[N-{3.3-Diphen )}-N-methylamino J-2-merhyl-
2-propyl 2-{3-nitrobenzylidene tare 125

Same procedure as for 12a, but using 11b. The analytical
sample was obtained by treatment of the hydrochloride salt
with diluted NaOH, extraction with EtOAc and purifing the
cude base by flash ch eluting with a CHCly-
EIOAc, 955 minxtore. Yield 91%. m.p. 65-80°C. Anal
G,y HyuN:O; (C. H, N). "H-NMR ( h): 85-8.2 (m, 2H,
aromatics at positions 2.4 of CJH,NO,), 8.0-75 (m. 3H,
aromatics at positions 5.6 of CH,NO, and CO-C-CH), 7.3 (s,
10H. other aromatics), 4.1-3.8 (m, 1H, N-C-C-CH), 2.7-2.1
{m, 12H. CH,;N(CH,)CH,CH, and COCH,), 1.52 and 148 (2s.
6H. gem-CH,s).

6.10.3. 1-{N-{3,3-Diphenyipropyl)-N-methylamino]-2-propyi 2-
't Z.JJEhWMmMmme 12e

A mixmre of 0.01 mol (3.67 g) of 1-{N-(3,3-diphenylpro-
pyl)>-N-methylamino}-2-propyl acetoacetste 1la. 0.01 mol
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{1.75 g) of 2,3-dichlorobenzaldehyde in 12 mL of CHCI, was
smturated with HCl st 0 °C. Afier | day at room temperatore,
the solvent was eva -] , the residue was dis-
solved imo CH,Cl, and the solution was oeutralized by
washing with diluted NeHCO, aqueous solution. Evaporation
of the organic layer gave 4.88 g (93%) of the compound as
a y solid as E/Z isomens mixture, Anal. CyH, CI,NO,
(€ H, N, C). 'H-NMR (CDCly): 7.9 and 7.8 (2, IH,
CO-C-CH). 7.7-1.0 (m. 13H. aromatics), 5.4-48 (m. 1H,
COQOCH), 4.3-3.8 (m. |IH, N-C-C-CH). 2.8-1.9 (m, 12H,
CHiN(CH.H)CI)-l;CH, and CH,CQ), 1.25 and 1.1 (2d. 3H.
, -

6.104. 1-[N-{3,3-Diphenyipropyl)-N-meihylamino]-2-methyl-
2-propyl 24{2.3-dichlorobenzylidene Jaceroacetate-HCl 12d

Same procedure as for 11e, but using 11b. The residue after
CHCl, evaporstion was (reated with i-Pr.O until solidification.
The solid was washed with a i-PryO-EtOAec, 95:5 mixture and
dried in desiccator to give the hydrochloride salt an a glassy
solid. Yield 100%. Anal. Cy,H,,Cl,NOyHCI (C. H. N, CI).
H-NMR (CDCl,): 10.8 (bs, JH. *NH), 7.9-7.6 (m, 1H,
CO-C-CH), 7.55-7.0 (m. 13H, aromatics), 4.2-3.7 (m, 1H,
N-C-C-CH), 3.6-2.0 (m. 12H, CH,N(CH)CH,CH, and
CH,CO), 1.6 and 1.5 (2s, 6H, gem-CH;s).

6.11. General procedure for the yynuhesis of 1,4-dihydropyri-
dines 9 (1able I) e

6.11.1. Method A
A mixmre of the monohaloalkyl ester of general formula 6
(0.02 mol). 2 dipha%hll:ylamine 8 (0.04-0.06 mol) and
wlvene or xxlene (15-30 mL.) was stirred at reflux tempemture
for 1-24 h. Afver cooling 10 room (emperature, the mixture was
diluted with EtyO in order to precipitate the formed 8-HC]. The
filtrate was evaporaied in vacuo and the residue was purified by
flash chromaiography. The purified base was converted into its
sHC] sah by usual methods; the et was isolated as amor-
material or washed or crysiallized from a suitable
solvent or solvents mixwre. The foliowing compounds were

synthesized by this route.

6H.L1 2-fN4{3.3- "propyl}-N-methylamino Jetiyl
methyl 1, 4-dihydro-2,6-dimeth -4-{2-nhmph¢nyl’):-?idiue-3.5-
dicarboxviatesHCI-H-0 9a: né]p 118-125°C (E10Ac or
Me,CO), Anal. CyHpN,O HCIPH,O (C. H. N, C, H:0%
IH.NMR (DMSO-d,): 11.3-10.0 (bs. 1H. *NH), 9.45 (s, 1H.
pyridinc-NH), 8.0-7.3 (m, 14H. aromatics), 5.65 (s. 1H. pyri-
dine-H,), 4.7-3.9 (m, 3H. N-C-C-CH and COOCH.), 3.65 (s,
3H, COCX:Hﬁ. 2.75 (s, 3H, NCH,). 2.4 (5. 6H, 2.6 CHy),
3.7-2.2 (m, 8H. CH;NCH;CH, and H,0).

6.11.1.2. 2-[N+(3.3-Diphenylpropyl)-N-methyiamino Jethyl
methyl 1,4-dilydro-2 6-dimetiel-4-( 3-nitrophenyl)pyridine-3,3-

dicarbaxylatesHCI! $b: m.p. 108-113 °C ( m); Anal.
CoHpN,OeHCL (C, H. N, O "TH-NMR (CDCl,): 12.3 (bs.

B o Dy 4k (. 211, COOCHY. 398
tics). 5.0 (s. 1H. idine-H,). {m, 2H, , 3.
im. 1H, N-C—C-gm.

CH,NCH.CH,). 2.69 (s, 3H. NCH,). 2.39 (5, 6H. 26 g!-!;g).

6.11.1.3. Z-IN-(JJ-Dlphmylp?D-NMhMm]eM
methyl  4-{2.3-dichlorophenyl)-1 4-dihydro-2,6-dimetlylpyri-
dine-3,5-dica se-HCHR0.6H0 9c: m.p. 161 °C (EtOH +
: CLNOHCI0.6 HO (C. H, N, Cl, H,0)
L) 7.85 (bs. 1H, pyridine-NH). 7.4-6.8 (m,

13H. aromatics), 5.2 (s. 1H, pyridine-H,). 4.5-4.1 (m, 2H,

@

3.6 (s, 34, COOCH,), 34-2.2 (m, 6H.
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Tuble VIIL N-(3,3-Diphenylpropyl)methylaminoalkyl 2-arylideneacetoacetates 12.

o-u:-y't'\’l‘
ooy,
Compound Ar Alk Yield Mp. (*C) Anal.
1s 3NO-CH, ~CH(CH,)CH~ 80* Glassy C.H,N,C)
12b 3NO,CH, ~C(CH,),CH,- 91 65-80 C.H.N
12 2.3-Cl-CeH, ~CH(CH))CH,- 93 Glassy C.H.N,Cl
124 2,3-Cl-CeH, ~C(CH;),CH 100* Glassy C.H.N,Cl
*As HC] salt.
ooocn 4,0-3.7 (m, 1H. N-C-C-CH). 35 (s, 3H,

). 2,45 (s, 3!-! NCH,). 2.3 (s, 6H. 2,6 CHys), 3.3-2.1

(m. TH, CH,NCH H,0).

6.11.14. 2-{N-{3,3- nojethyl methyl
4-{benzafurazan-4- ;-J.M.n ro- z d-dmerh ridine-3,5-
I-166 °C( or MeCN):

dicarbaxylate-HC! 9d:
Aral CuHaNOHCY & H

N. CI); 'H-NMR (CDC),):

6.11.1.8. 2-[N-(3.3-Diph¢‘n3-jprop )-N-methylamino ethyl 1-
imet
'3 A.nal

methylethyl 1.4-dikydro-2, vi-$-{3-nlrophenyl,
3, 5-dica ate-HCl 9h: m, lﬁo-lﬂ-"‘c Me.
CrHaNyOsHO (C. H. N, ). 'H-NMR (DMSO-d,):

11.5 (bs, 1H. *NH). 95 (s, 1H,

5.1 (s, 1H,
(m, 2H,

p!’ndme—NH). 8.3-7.
aromatics of 3-nitropheny! ring), 7.5 (s, 10H, other aromatics),

ine-H,), 5.2-4.8 (m, 1H, COOCH), 4.7-4.3
), 4.3-3.9 (m, 1H. N-C-C-CH).SB—Z.Z {m,

(m. 4H,

11.5-105 (bs, 1H, *NH), 8.0-72 (m, 13H, aromatics and
benzofuraxan—-H,. H, H,) 6.6 (&M|M—NH). 5.6 (s
1H, pyridine—H,), 4.3-3.9 (m, 3H and

36 (. 3H, COOCH,), 2719 (m, 1SH. 2.6 CHs and
CHN(CH,)CH.CH,).

6.11.15. 2-[N-(3,3- ino)Jethyl methvl 14-
dihydro-2,6-dimethyl-4-{3-nh I line-3,5-dicarbaxy-
lare-HC! $¢: mp. 128-132°C (FPrOAc or E:OAc): Anal.

c,gn {0-HCI (C, H, N. C); 'H-NMR (CDCl,) of the base:
5-7.25 (m. 14H, aromatics), 6.55 (s, 1H. W;
535 (s. IH, idine-H,), 44-4.0 (a, 3H, and
N-C-C-CH), 3.3 (s, JH, COOCH,), 3.0-20 (m. g
CHNCH/CH,), 2.45 (s, 6H, 2,6 CHys), 1.55 (s, 1H. NH).

6.11.1.6. 2-{N-{€,4-Diphenvi-2-buryl}-N-meihylaminoJethy! merh

1 Jdlh\dr%'f ﬁélmlhﬂ-l-{ii;lllw (}p)ﬂdlwb‘s'-dkc:g

W L lm

CEH,,N,O.-HCI (C. H.P-N C1); 'H-NMR (CDCl,): 122 (bs,
*NH). 8.3-7.0 (m, 14H, sromatics), 6.8 (bs, 1H,

NH), 4.9 (bs, 1H, ine-H,), 4.7-43 (m, 2H, h
42-38 (m, IH, N. )% 3.6 (s, 3H, COOCH,), 34-28
(m, 4H, O-C-CHy-N-C-CH-C), 2.6 (5. 3H, NCH,), 24 (s,
6H. 2,6 CH;s), 2.2-1.8 (m, 1H, N-CH-C), 1.6-1.1 (m. 3H,
N-C-CH)).

6.11.1.7. 2-[N-{3,3-Diphenvipropyi)-N-methylamino]ethyl ethyl
I 4-dthydm-’2 O-dimetigyl-4-{3-nis \pyridine-3.5-dicar-
Cl 9g: m 164-161 (Me,CO)Y:  Anal.
CpHypN -HCI(C.H. CI. H-NMR(DMSO-J.) 113 (ba.
IH, 935 (bs, IH, ine-NH), 8.0-73 (m, 14H,
aromatics), 5.0 (s, IH, d.s_mez-l-zls.).t.zﬁQ(né:l;ca:
COOCH; and 3 (m, CH,N
275 (5. M, ).NCH;!. 235 (s, 6H, 26 CHs), 12 (1, M,
CO0-C-CH,

6H, CH,NCH,CH,), 2B (s, 3H. NCH;). 24 (x. 6H, 2,6 CH,s),
1.25 and 1.13 (2d. 6H, COO-C—CH,)CH;).

6.11.1.9. 2-[N{3, J-Dlphnw)-ﬂ-mrhylam
methylpropyl 1.4-dihvdro-2.6-dimethvl-4-{3-pin,
dine-3,5-dica e-HCl 9i: m.p. 123-124 (EtbAc or
E1OAc + Me,CO), Aml. CyHoN;Op-HCI (C, H. N, CI):
TH-NMR (DMSO-d,): 11.7-11.25 (bs. 1H, *NH), 9.55 (s, 1H,
idine-NH), 8.35-7.65 (m, 4H, aromatics of 3-nitrophenyl

2-
el

:d'., _z;i.mc(o"agﬁ,-c-ccy,). 3.65-2.25 ( m,ncuﬂlax
m, 6H
2.8 (s, 3H, NCH,), 2.45 and 2.4 (23, 6H. 2.6 CH,s), 2081
g:‘:.cuu)iﬂ COO-C-CH), 1.9 and 085 (2d. 6H, COO-C-
‘3.

GILLIL 3Pyt s 2
propoxye met it -
dble-.i J-dicarboxylate-H! . 12 (‘Elgx:).

Hsy m. & 124-129 °C
Anal. CyHuN tOrHG (C. H, N, CI); 'B-NMR (DMSO-d,
11.8-11.3 (b, 1H, *NH), 9.5 (s. 1H. pyridine-NH), s.a-ntm.
kA A P e
aromatics), (s, b m, x
COOCH, mn—c-c-cﬂ%s—az(m. 8H, CH,NCH, and
CH,OCH,), 2.2-2.3 (m, 2H, N-c-cu,-(:). 2.8 (s, 31, Ncn,).

24 (s, 6H. 26 ) 1.8-1.2 (m, 2H, O-C-CH-C), 0.
3H. O—C—C—Cm"

6.11.L11.  3-IN43, W)w—.«m}

mcrluil“:hydm—? A-{ 3-nitrophemyl }oryridi .5-
icarboxylate-HCl 9k: m.p. 100-107 °C ( ); Anal,

C&_ll'lnNson-HCI (C. l-l. N, C1); 'H-NMR ( 8.0-6.8 (m,

aromatics, *N idine-NH), 5.0 (s, 1H, ine—
H..).42—38{m.3H N-C%ECHIMCO(X}I,J 3, 7 (5. 3H,

COOCH,), 3.1-22 (m, 8H, CH,CH,;NCH,CH,), 262 (s, 3H,
NCH,). 2.35 (s, 6H, 2.6 CH,»).

%. 7.5 (s. 10H. other lrommel) 5.15 (s, IH, ne-n..
and N




6.11,1.12. 3-|N-{44-Diphenyl-2-butyl}-N-methylaming Jp
methyl 1.4-dilydro-2,6-dimethyl-4-{3-nliropheny{)pyridine-
dicarboxylarenHC! 9: mp. 113~118°C (H0) Anll
CyHNyO:HCI (C, H. N, cn. !H-NMR (CDQ),): 8.15-7.1 (m,
ISH, aromatics and 'Ercn_cne-NH). 5.05 (s, 1H, payndme-l-m.

423-3.8 (m, 3H. ~CH and COOCH,). 3.61 (s, 3H,
COOCH;), 2.6 (s. 3H. NCH.). 2.4 (s, 6H. 2,6 5!).( 2.;4—311;1
M. 4]

{m, 7H, O-C-CH,CH. and NCHCH,). 1.5-1
N-C-CHy)-

G.71.1.13.  4-[N-(3.3-Diphenvipropvi)-N-methylamino Jburyl
methyl 1.4-diltydro-2.6-dimethy{-i-1 3-nitrophenyl)pyridine-3,.5-
dicarboxylatexHCl-0.5H:0 9m: the reaction was carried out in
DMF at room iemperature for 16 h. M.p 9I ID3“C (amor-
Phous). Anal. CyH,NOsHCI .0.5HO (C. H, N, C), HgO).
H-NMR (CDCl,): II.6-II 3 (bs. 1N, *NH). 9.3 (s, IH, pyni

dine-NH), 8.5-8.1 (m. 4H, aromatics of 3-nitropheny ne-l-ln?
7.35 (s, 10H, other lmmnln.s) 5.05 (s VH, pyridi .
4.2-3.8 (m, 3H. COOCH, and N-C-C-CH). 3.6 (s, 3H,
COOCH,). 34 (s, IH. H-OI. 3.3-2.0 (m. 6H. CH.NCH.CH,).
2.8 (s, 3H NCH,). 2.35 (&, 6H. 2.6 CHs). 1.7-14 (m. 4H,

“CH,).

6.11.1.14. 2-[N-{3,3-Diphenvipropyi)-N-methylamino J-1-methyi-
ethyl methyl 1.4-dihydro-2,6-dimethyi-~i-{3-nitrophenyi jprvri-
din¢-3 , S-dicarboxylale-HCl 9n: m; 114-1232C (unnml).

Anal CyHyuNOpHCl (C, CIy: 'H-NMR ( )
8.1-1.0 (m, 16H, aromniics, ‘NH and pyridine—NH), 5.3 (m,
1H, COOCH), 5.05 and 5.00 (2. IH. py ne-H.M 1-3.5 (m,
1H, N-C-C~CH), 3.6 (s, 3H. CO&:H) 3.5-22 (m. 9H,
ch,g_%c_lié)cﬂcu,). 24 (s, 6H, 2.6 CH,s). 1.6~1.0 (m, 3H,

This cnmpound was also synlhﬂlr.ed by method B, and the
diastereoisomers were ?amed repeated flash chrometo-
g y. eluting with CHCl, contsining increasing amounts of

Ac (0 to 509%). In these conditions 9, base was collected
befon: 9n,. Each crude basc was diwolved into Et;O-Me,CO
mlumredeClmElnwaddedmthesolumm Each
hydrochlc:l‘de salt was collected by filiration and crystallized

6.11.1.15. 2-{N-(3,3- ,vl ')-N-methyluamino]-i-
mlbw methvl 14 \i-¥-{3-nitrophe-
J-erbmylau-HC‘l-H,O 9n, (diastercomer w1

in CHCl-S N methanolic NH,, 99:1 eluent mixture):

m.p. e AL14T °C TEIOACY: Anah ExHINOICEH.O (U,
N, C1, H,O); 'H-N'MR (D! : 11.5-10.0 (bs. 1H, *NH),

925 (. 1H, ine-NH), 8. 215 (m. 4H, amomatics of
3-ni { nlll). 7.35 (s, LOH, other aromatics), 5.2 (m, 1H,
s, 1H, me-H..). 4.0 (m, 1H, N-C-C~-CH),
355 (s 3H h), 3.7-3.2 (m. 4H, H,O and
N}, .75 (s, 3K, NCH;). 2.35 (s, 6H. 2.6 CH,s),
3.2-2.2 (m, 4H. N-CH,CH,), 1.05 (4, 3H, CO0O-C-CH,).
6.11.1.168, 2-[N-(3.3-Diphenylpropyl)-N-methylamino J-1-
mathylethyl methyl 1.4-diiydro-2.6-dimethvi-4-{3-nitrophe-

nyljpyridine-3,5-dicarborylateHICl-0.5H-0 9n, (diastereomer
st higher Ry in CHCl,-5 N methanolic NH,. 99:1 ecluem
mixture): m.p. 196-198 *°C (dec.) (ElOAcr. Anal.

HCHOSH.O (C, H, N, Q, H.0); 'H-NMR (

11.0-10.0 (bs, 1H, “NH), 935 (s, 1H, pyridine-NH), 8.1-7.
(m, 4H, aromatics of 3-ni 1 n:Ez 735 (s, 10H, other
aromatics), 5.25 (m, 1H, ) 5.0 (s, 1H, pyridine-H,),

4.0 (m, {H, N-C-C-CH), 3.6 (s, 3H, COOCHy), 3.7-3.0 (m,
3H, H,0 and COO-C-CH 3.0-2.1 (m, TH, ZNCH,),
2.35 (s, 6H. 2,6 CHys). 1.25 (d, 3H, COO-C-CH,)-
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The snalysis of the diasterecisomers 9n, and 9m, was per-
formed also by HPLC method. under the I'ollmng conditions:

Colomn: Nova-pak C-18 41 (Warers); 150 x 3.9 mm
Mobile phase: CH,CN (63 vol) - NORMEX buffer pH 74

(31 vol)
Elntion: isocratic
Flow: 1.2 mL/min
Temperaiure

Auenunum 0.02 AUFS

Under these conditi bserved: 9n,,
Rew 1. mmmm:iﬁ:;,'m@ o '

a3 meclorapat 433 biomphay) 14 i 16
1. ~meinviprop. }- -2.0-
dimethyipyridine-3, latesHC] Dr m.p. 162-164 °C
(EIOAI:). “Anal. c,.H..CI,N »HC1 (C, H. N. CI): 'H-NMR
(CDC,): 7.85 (s, 1H, pyridine—NH). 2.6-7.0 (m. 13H. aroma-
tics). 5.6-5.1 (m, 1H, COOCH). 5.35 (s, 1H, pyridine-H,).
4.2-3.7 (m, 3H. COOCH, and N-C-C-CH). 3.6-1.4 (m, 16H,
CH,N(CH,)CH,CH-., 2.6 CHyx and CW—C—CH). 0.95 (d, 3H.
COO-C-CH,). L%O-C-C

8 (2d. 6H, (CH,)a)-
6.!1 2. Mﬂhm;?,he aary
mixture of 1 inte 1-1.4-dihyd idine-3-
carboxylic acid 7 (0.01 mol), aminoalcohol 10 (.01 moal),

dicycliohexylearbodiimide (0.011 mol), 4-d:melhylannnopyn
dine (0. oon mol) and DMF (8.5-20 mL.) was snrred under N.
atmosphere at 75 *C for 8-48 h. Afler cooling
ruture the mixture was diluted with Et,0, lhe plulpluled NN-
dlc lohe:ylu:u was filiered and the filtmie was washed with
organic layer was dried over anhydrous Na,SO,,
ﬁlmmd lnd evaporaied (o dryness 10 give the crude that was
purified by flash chromatography. punﬁed base was
converted into <HC1 sakt by uiuli‘ the product was
obiained s s material, then was washed or crysial-
lized from a suitable solvent or solvent mixtures. The following
compound was synthesized by this route,

6.11.2.1. 4[N-(3,3-Diphenyipropyl)-N-methylamina]-2-butvl
meshyl 1. 4-dikydro-2,6-dimethyl-4-{3-nit il Jpyridine-3.5-
dicarboxviaie-HCIH 0 $ab: m.p. 93— O'C {amorphons}:
Anal. C3H,N,O-HCI‘H,O (C, H, N, Cl, HO): 'H-NMR
(DMSO-d,): 11.5-10.8 (bs, 1H, "NH) 9.35 (s, 1H. pyridine-
NH), 8.3-7.6 (m, 4H, aromatics of 3-nitropheny! ri 714 (s,

10H. other aromatics), 5.1 {s. 1H, pyndme—Hr) 5.2-4.7 (m,
1H, COOCH), 4.4-39 (m. IH, N—C—C—CH). 3.6 (s, 3,
COOCH,). 3.5 (s, 2H, H;0). 3.3-2.2 (m, 6H. CH.CH,).
2.65 (8, 3K, NCH,). 2.35 (5, 6H, 2.6 CHys), 2.2-1.7 (m. ZH.
CO0-C-CH;,), 1.4-0.9 ¢m, 3H. COO-C—C‘!-I,).

11.3. Method By
A miztxe of the te 4-aryl-1.4-dihydropyridine-3-
carbox mmd'l{O.lmnl).nnhydmCH,Cl,ﬂSmL)
rous DMF 9 mL) was stirred under N.
°C and added with SOC], (0.012 mel). An.er l hlumngat
°C, 2 solution of the suitable amincalcohol 10 (0.02 mol) in
ydrous CH,Cl, (10 mL) was into the mixture in
sbout 10 min without exceeding 3 °C. Afier 3 h a1 0°C, the
solvent was the residue dissolved in EtOAc and
y with brine, 1 N HCI, 10% Na:CQ,, H,0.
11: residue olnamed afier solvent evaporation was punfied by
ath chromaiography. The purified base was converted into
+HC! salt by usual methods; the product was isolated as amor-

-
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phous material or washed or
solvent or solverws mixwmre. The
synthesized by this route.

6.11.3.1. 2-[N-(3,3-Diphenylpropyljamina]-1,1-dimethyletiyl
methyl l.4-d|'l|,\dm-2.6-dim:hyl—4—(3~nir:€hmyl)pyﬁdln¢-3.5-
dicarbaxylate~HC! 9¢: m.p. (118) 130°C dec. ( s);
Anal. Cp,HN,OpHCI (C, H. N, CI); 'H-NMR (DM AT
9.55-9. lg (m, 3H. *NH, and pyridine-NH), 8.25-7.55 (m, 4H,
aromatics of 3-nitrophenyl ring), 7.4 (s, 10H. other aromatics).
5.05 (s, 1H. pyridine-H,). 4.3-3.9 (m. 1H, N-C-C-CH). 3.6 (s.
3H, COOCH,), 3.5-3.2 (m, 2H, N~-C-CH»-C), 3.0-2.4 (m, 4H,
C.‘l-l,NCH&l 235 and 2.3 (23, GH, 2,6 CHys). 142 (s, 6H.
COO-C{CH))).

allized from a suitable
lowing compounds were

6.11.3.2, 2-[N-{(3,3-Diphenylpropyl)-N-methylamina]-1,1-
dimethylethyl methyl 1.4-dihydro-2,6-dimethyl-4-(3-nitrophe-
\pyridine-3.5-dicarboxylate’HCl 9u: mp. 185-190*C
(EIOH): Anst. CoH,N,OpeHCI (C, H, N, Cl); 'H-NMR
(DMSO-d,): 10.8-9.4 (bb, 1H, *NH), 9.5 (bs, 1H, pyridine—
NH), B.30-8.05 (m, 2H. 3-ni nyl-Hy-H,). 7.85-7.60 (m.
2H. 3-nitrophenyl-He~H,), 7.55-7.20 (m. 10H, other aroma-
tics), 5.05 (s. 1H, pyridine-H,). 4.15-3.35 (m, 6H. N-C-
CH~CH. COOCH,), 3.20-2.15 (m, 13H, CH,N{CH,)CH, and
z.o'lslil:"compo)‘ o oo o prcp?r::i)‘l):y thod C giving 36%
und was also me vi
yicM, after crystallization from H;O contining a slqliglnngm
of hydrochlonc acid.

6.11.3.3. 2-[N-{3,3-DiphenvipropW)-N-methviamino]-1, 1-di-

meshylethyl muithyl 1.4-dikvdro-2,6-dimeshyl-4-(3-nitrophe-

avi)pyridine-3.5-dicorbaxylateHCI-0.5H/0 9u,; mp. 119-

ll-l?).c (H,0): Anal. CHN,Q:HCI05H.O (C, H, N, Cl,
)

alli4, 2-[N-(3,3-Di }-N-methyiamino]-1.1-
dimeshviethyl methyl 1,4-dihvdro-2,6-dimethyl-4-(4-nitrophe-
myllpyridine-3,5-dica reHCl $v: m. 119-121 *C

rbaxyla

(amorphous); Anal. CRuHN;OpHCI (C, H. N, Cl): 'H-NMR
(DMSO-d,): 10.1-10.4 (bs, 1H, *NH), 9.5 (bs, 1H, pyridine-
NH), 8.3 and 7.6 (2dd, 4H, 4-nitrophenyl AA'BB’ system), 7.43
{s, 10H, other aromatics), 5.05 (s. 1H, pyridine-H,), 4.3-1.7
(m, 1H, N-C-C—-CH). 3.67 (s, 3H, ). 3.0-2.2 (m. 6H.
CH.NCH.CH,), 2.75 (s. 3H, NCH,), 2.4 and 23 (2s. 6H, 2.6
CHjs), 1.5 (s, 6H, COO-C{CHy)).

)-N-methylamino}-1,1-

61133, 3-[N-(3,3-Diphenylpropyl,
dimeth vl methyl 1.4-dikydro-2,6-dimethyl-4-(3-nitrophe-

wridine-3.5-dicarboxylatesHC! $ac: m.p. 201-203 °C
(E1OH); Anal, CoH,N,O0HCI (C, H, N, CI; 'H-NMR
(DMSO-d,): 12.0-11.0 (ba, 1H. *NH), 94 (bs, 1H, pyridine—
NH), 42-7.9 (m, 2H, 3-nitrophenyl-Hy-H,), 7.8-75 (m. 2H,
3-nitrophenyl-Hy-H,), 74 (s, 10H, other sromatics), 5.05 (s,

W, 43-39 (m, IH, N-C-C-CH). 3.6 (s, 3H,
&12.7 (s, 3H, NCH,). 2.35 (s, GH. 2,6 CH&. 3.2-1.9
(m, 8H. CH,CH,NCH;CH,). 1.35 (bs, 6H. COO-C(CH,),)-

6.71.3.6. 3-[N-{3,3-Diphenylpropyl)-N-metiivlamino]-2,2-d!-
methylpropyl  methyl  1.4-dikydro-2.6-dimetkyl-4-{3-nitrophe-
nyl)pyridine-3.5-di CRO.5H,0 9ad: m.p. (119)
130-140°C (una?lmu): Anal. C10.5H,0
(C. H,N, A, H;0); "H-NMR (CDCY,): 10.5-9.5 (m. 1H. *NH),
£.6-7.2 (m, 15H, aromatics and pyridine-NH), 5.2 (s, 1H. pyri-
dine-H,), 4.1 (s, ZH, OCH,), 4.2-3.7 (m, 1H, N-C-C-CH), 3.7
{s. 3, COOCH,), 3.2-22 (m. 9H, NCH, and CH,NCH,CH.).

25 and 24 (25, 6H, 2.6 CHs). 1.2 and 1.0 s, 6H,
CO0-C-C(CH,)).

6.11.3.7. 3-[N-(3.3-D;phmyl )-N-methvlamino}-2,2-
dimeth methyl 442.3 nyl)-1.4-dikydro-2.6-
dimethyipyridine-3.5-dicarbaxviareeHC! $ae: m.p. 117-119 °C
{Me,CO); Anal. CHCl.N,O,-HCl (C, H. N, CI): 'H-NMR
(DMSO-d,): 105 (m. IH. *NH), 9.4 (s, 1H, pyridine-NH).
7.7-7.1 (m, 13H, ayomatics). 5.4 (s, 1H, pyridine-H,), 4.2-3.8
5 e G S S B
m, . CH a2 18). 5.
6H, COO-C-C(CH,),).
6.11.3.8 3-/N-(3.3-Diphenylpropyi)-N-methylamino }-3,3-
dh v methyl 1,4-dikvdro-2.6-dimethyl-4-{3-nit
nyl)pyridine-3,3-dicarboxyiae-HCi-0.5H,0 T m. mﬁk’
117 °C (amorphous); Anal, Cy;H ;NyOgHCI-0. Hﬁ)( H, N,
I T T YL,
' ine~NH), m. - ] )
78-76'cm. 2H. 3-nicrophenyl-Fy-H.). 743 s, 10H, other
sromatics), 3.1 (s, IH, -&yridinn-l-!‘). 45339 (m, 3H,
N—C-C-CH and OCH,). 3.65 (5. 3H, COOCH,), 3.55 (s, 1H,
0.5 H,0), 3.2-2.2 (m, TH. CH.CH.N(CH,)), 24 (s, 6H, 2.6
CH,s). 2.2-1.8 (m, 2H, O-C-CH,), 1.3 (5. 6H, N-C(CH,),).

6.11.39.  2-[N-{3.3-Diphenyl-1-oxopropyl}-N-methylamino]-
1, I-dimechylethkyl 1.4-dihydro-2,6-dimei -%—nﬁm—

l)pyridine-3,5-dicarboxylate 9ag: m.p. 158 °C (E:OH
93); Anal. CyHyN,O, (C, H, N} 'H-NMR (CDCY,): 8.4-7.2
(m, 14H, aromatics), 6.6 (s, 1H, pyridine-NH), 5.2 (s, JH, pyri-
dine-H,), 4.75 (1, 1H, N-C-C-CH), 1.85 (s. 2H. NCH,), 3.7 (s.
3H. COOCH,). 3.1 (d, 2ZH, NCOCH.), 2.8 (s. 3H, NCH,), 2,3
(s, 6H. 2,6 CH,3). 1.2 (s. 6H, COO-C(CH,)).

6.11.4. Method C
A mizwre of the appropriste aminoalkyl lideneaceto-
acetate of formula 12 (0.01 mol), alkyl inocToto-

nate § (0.01 mol) and I-PrOH (1040 mL) was stirmed a1 reflux
temperature for 3-6 h under N, atmosphere. After cooling to
room re the solvent was evaporated and the resid
was purified by flash chromatography. When 12 was used
"HCI salt, the residuve was dissolved in a suitable sol
(CH.CL, or Et0OAc) and the solution was washed with 20%
Na;C0, aqueous solution followed by H,O. The arganic

was dried, filtered and evaporaied to dryness to give the residue
for flash chromatography. The following compounds were
synthesized by this route.

6.114.1. 2-{N4{33-Diphenylpropyi)-N-methylamino]-1-met
ethyl 1-methylethyl 1. 4-dihvdro-2,6-dimethyl-4-{3-nil
nyl)pyridine-3,5-dicarboxylatesHCl %0: m.p. 108-110°C
(am s); Anal. CpHN:OpHCl (C, H, N, Q); 'TH-NMR
( ): 12.00-11.50 (bs. lH. *NH). 8.4-7.2 (m, 13H, aroma-
tics and pyridine-NH). 5.6-48 (m, 2H. 2 x O-CH), 5.05 (s,
1H. a:idme—l-l.). 4,2-37 (m, |H, N-C-C-CH), 3.4-2.2 (m.
6H, CH,NCH,CH.), 2.8 (s, 6H, 2,6 CHws), 1.5-1.0 (m, 9H,

O-C{CH,), and O-C(CH,)-C).
6.11.4.2. 2-[N<{3.3-Dj lamino -] .
2 2-{N4 WWW«M J- I-methyl

ethvl X m—?.d-dlmﬂkﬂ-‘-{.i-w-
ayljpyridine-3,5-dicarbaxylatesHCI-0.5H0 9p: m.p. *C
(amorphous); Amal. CpHoN,0-HCO0S H0 (G H, N, C,
H,0): '"H-NMR (CDCl,): 8.2-7.0 (m, 14H, aramatics), 6.0 (s,
IH, pyridine-NH), 53-4.6 (m, 1H, COOCH), 5.1 (s, 1H, ?ri-
dine-H,). 4.3-3.7 (m. 3H, N-C-C-CH and COOCH,), 3.7-
315 (m, 4H, CH,0OCH,), 2.6-1.85 (m. SH, (CH,)-




CH/CH,). 2.3 (s, 6H. 2,6 CHy), 1.75-1.3 (m, 2H, O-C-
CHC), 1.2 and 10 2d, 3JH, O-C-CH,). 0.85 (1. 3H,
O~-C-C-CH,).

6.11.4.3. 1.1-Dimetiyl-2-propaxyethyl 2-IN{3.3-diphenyipro-
Ppyi)-N-methyiamino]-1-methylechyl 1.4-dihydro-2.6-dimethvi-
4-{3-nitrophenyl)pyridine-3.5-dicarbaxylate-HCIH0.5H,0 3
m.p. 86-95°C (um?hous): Anal. C,Hy,N;0-HCI105H,0
(C, H, N. Q. H,0): 'H-NMR (CDCl,): 11.0-105 (bs, 1H.
*NH), 8.1-7.0 {m, 14H. aromatics), 5.7 (s, JH, pyridine-NH).
5.2-4.7 (m. \H, COOCH), 5.0 {s. 1H, pyridine-H],), $.1-3.6
(m. 1H, N-C-C-CH), 3.4 (5. 2H, OCH~C-C), 3.25 {1 2H.
OCH~C(C),). 2.5-19 (m. 10H, CH;N(CH,)CH.CH, and
0.5H.0), 225 (s. 6H, 26 CHy) 1.75-1.2 (m, 2H,
O-C-CHC). 1.35 (s. 6H, COO-C(CH,),). 12 &nd 1.0 (2d.
3H, COD-C-CHj). 0.8 {1, 3H. O-C-C-CH,).

6.11.4.4. 2-[N-{3,3-Diphenyipropvi}-N-methylamino]-I-methy-
lethyl 2-propoxyethyl 4-(2.3-dichlorophenyl)-1,4-dihydrm-2,6-
dimethkylpyridine-3.5-dicarboxylate-HCI $3: m.p. 103-118 °C
‘lmurphmn); Anal. CpH,CLN,O+HCl (C. H, N. Cl)
H-NMR.(CDCl,): 12.0-11.5 (bs. 1H. *NH). 8.0 (s, IH, pyri-
dine-NH), 7.8-7.1 (m. 13H. srommics), 5.7-5.3 (m. 1H.
COOCH), 545 (s. (H, pynidine-H,), 44-38 (m. 3H.
N-C=C-CH and COOCH,}). 3.8-2.1 (m, 13H, CH,N(CH,)-
CH.CH, and CH,OCH,). 2.4 (5. 6H, 2,6 CH,s), 1.8-1.2 (m, 5H,
COO-C-CH, and O-C-CH-C). 1.0-0.7 (1, 3H. O-C-C-CH,).

6.71.4.5. 2-{N+{3.3-Diphenylpropyl)-N-methyiamino]-1.1-
dimethylethyl ethvi 1.4-dilydro-2.6-dimethyl-4-{3-nitrophe-
nyljpyridine-3,5-dicarboxylatesHC! 9w {the reaction was
carried out in anhydrous DMF s 80 °C for 5 h): m.ﬁ. 135-
145 °C (EiOAc): Anmal. CpHoN;O-HCl (C. H, N. Cl);
'‘H-NMR (DMS0-4,): 11.0-10.0 (bs, 1H, *NH). 9.45 (s. IH.
p'ylidine-NH). 82-16 (m, 4H. sromstics of 3-nitrophenyl
ring). 7.4 (s, 10H, other aromatics), 5.0 (s. 1H. pyridine-t,),
4.3-38 (m, 3H. N~-C-C-CH and COOCH,), 3.8-3.3 (m, 2H.
O-C-CHN). 2.4 and 2.3 (25. 6H, 2.6 CH,s), 3.2-2.1 (m. TH,
N(CH,)CH.CH,). 1.45 {s. 6H. COO-C(CH,);). 1.2 (1, 3H,
CO0-C-CH

3

6.71.4.6 2-[N-{3.3-Diphenylpropyl)-N-methylanino]-1.1-
dimethylethvl  I-methylethyl 1, 4-dihydro-2,6-dimetkyl-4-(3-
nitrophenyl)pyridine-3,5-dicarboxylate-HCIO.SH/0O $x: m.p.
100-115 °C (amorphous): Anal. CyuH N0 HC-0.5H,0
(C. H, N. Cl, H,0): '"H-NMR (DMSO-d4,): 11.2-10.5 (bs, 1H.
*NH), 9.45-8.25 (5. 1H, pyridine~NH), 8.3-7.6 (m, 4H, sroms-
tics of 3-nitrophenyl ring). 7.45 (s, 10H, other aromatics), 5.05
(s, 1H, pyridine-H,). 5.2-4.75 (m. 1H, COOCH). 4.2-3.8 (m.
1H, N-C-C-CH). 35 (s. tH, 0.5H0), 3.8-2.0 (m, 6H,
CH.NCH,CH,), 2.7 (s, 3H. NCH,), 2.4 and 2.3 (2s. 6H, 2,6
CHs). 15 (s 6H, COO-C(CHyC). 12 (L 6H,
CO0-C(CH,)).

6.11.4.7. 2-{N-{3.3-Diphenvipropyl)-N-metitylaminn}-1, 1-di-
methyvlethyl 2 vethyl 1. 4-dihydro-2.6-dimethyl-4-13-
nitrophenyl)pyridine-3,5-dica 'Ci0.5H,0 9y: m.p.
87-92 *C ( : Anal. 1OrHCI05H,0 (C, H,
N, C1, HO); 'N-NMR (DMSO-d,): 10.6-10.1 (bs, 1H, *NH),
9.3 (s. 1H. pyridine-NH), 8.2-7.5 (m, 4H, aromatics of 3-nitro-
phenyl ring), 7.35 (s. 10H, other aromatics), 5.0 (s. 1H, E&ri—
dine=H,), 4.3-3.8 (m. 3H, N~C-C—CH and COOCH,). 3.8-2.1
(m. 20H. CH,N(CH,)CH,CH,. 2,6 CHy, CH,OCH. and 03
H;0). 1.6-1.2 (m, 8H, 0-C-CHy-C and COO-C(CH,),), 0.8 (L
3H, O-C-C-CHy.
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6.11.4.8. 1,1-Dimethyl-2-propaxvethyl 2-[N4{3.3-diphenylpro-
pvi}-N-methviamino]-1,1-di-methylethyl |.4-dihydro-2,6-dime-
M_ﬂ-l-(.?—nhmplleny‘lg_\rﬂdine-.’l.Sdimrboiylnle-HCl-ﬂ.SHO
9z mp. 889 (am % Anal. C.HgN,Or
HCIHOSH,0 (C. H, N. Q. H.0): '"H-NMR (DMSO-d, at
80°C): 10.5-9.3 (bs, 1H, *NH). 9.25 (s, 1H, pyridine-NH).
8.4-7.7 (m, 4H, aromatics of 3-nitrophenyl ring). 7.6 (s, 10H.
other aromatics), 5.3 (3. 1H. pyridine-H,). 4.5-4.1 (m, 1H,
N-C-C-CH), 3.8 (s, 3H, COOEL!-CH'-O and 0.5H-0). 3.6 (L
2H, COO-C-C-0-CH,). 2.9 (5, 3H. NCH,), 2.6 and 2.58 (2s.
6H, 2,6 CH,s). 3.5-123 (m, 6H. CH,NCH,CH,). 1.65 and 1.6
(25, 12H. 2 COO-C—(CH;).). 1.8-1.3 (m. 2H, O-C-CH-C).
0.95 (. 3H, 0-C-C-CH,).

6.11.4.9. 2-[N-13,3-Diphenyipropyl)-N-methylamino}-1.1-
dimethxlethy! merhvi 4-(2.J-dl'-dl,l,amphm\ﬂ-l.iv-dik_vdml.d-
dimethylpyridine.3,5-dicarboxyiate-HCl-0.75HyO Saa: m.p.
124-140°C (amorphous); Anal. CyHuCI;N.O~HCI-0.75H.0
(C. H, N, CL H,0). 'H-NMR (DMSO-d,): 10.7-10.2 (bs. 1H.
*NH), 9.35 (x. 1H, pyridine-NH). 755 (s. 13H, sromatics).
545(s. IH. ine-H,). 4.2-3.9 (m. 1H, N—-C-C-CH), 1.65
(s, 3H, 3. 35 (s, 1.5H, 0.75H,0), 3.3=-2.1 (m, 9H.
CH;N(CH,)CH,CH.). 3.35 and 3.25 (2s, 2.6 CHys), 1.4 (s, 6H,
COO-C(CH,)).

0.11.3, Determinarion of apparent dissociation constant for $u

The apparem dissociation consiant (pX,) of 9u was deter-
mined by potentiometric titration sccording 10 Albert and
Serjeant [45). 1077 M Ethanolic-aqueous solutions (80:20 1o
50:50) of the compound were titrated in a double run with
0.02 N NaOH at 37 °C using a glass-calomel electrode syslem.
Only the pK, values obiained in the range of 20-80% of titra-
ting solution were waken into account and used to determine the
regression line, which gave the exln;pollled pk,’ of 9 in pure
water. The value foumd was pX,' = 6.83.

By 1he same method a pX,' value of 7.05 was obtained for
nicu‘ﬂ‘i&ine. in agreement with the value of 7.0 from the liters-
ture [46].

6.11.6. Determination of the partition coefficient for Su

Log P determination of Su was camied out at 25°C in
ummm buffer using a modified mre based
on the flask method [47]. »-Octanol and aqueovs phos-
phate buffers (pH 2.5 and 3) were mutuaily saturaied by stir-
ring equal volumes of ench component at 25 °C for 2 h. and the
two layers were separated after standing for 1 h,

Iaotonic buffer solutions at pH 2.5 and 3 were
prepured using .05 M KH,PO, solutions adjumed to desired
H by H,PO, addition. A sheking time of 5 min was usad,
ollowed by cearrifugation at 3000 rpm for 10 min to comple-
tely separmie the two layers, and the concentration of
compound 9u was determined by HPLC on the squeous phase.

The determinations were using 10> M solutions of Su
base in n-octanol and volumetric m-octanol/aquecus buffer
ratios 1:1 and 1:10 for each value. The concentration of
compound 9o i;D‘MB ueous layer was quantitatod by:l(l:’l.l(g
using a Waters 3.9 x mm reverse-phase J1- -
column with UV detection at 240 nm and wimmls M
NaCl0, solution adjusted o pH 3 by HCIO, addition
(61:39, v/v) as the mobile phase at & flow rate of 1.5 mL/min
(isocratic elutico st 235 °C).

The distribution coefficient D was calculated from the equa-
tion

D = (toial concentration — concentration in squeous layer)
conceniration in aqueous layer
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Table IX. Results from pharmaco-toxicological screening for 1,4-dihydropyridines 9.

Compound *H-Nitrendipine SHR Indicative toxicity, LDy, (tmol/kg)
binding.
ICyy (M) EDyy p.o. i.p. (mouse) p-o. (mouse) iv. (rat)
(umolkg)
Sa 9.6 1640 114 396
% 04 100 200 250 11
9% 1 20 149 570
9 26 236 116 275
9% 1.8 120 112 460
.} 15 13.0 270 180
Sg 14 5.0 99 200
5 0.6 4.1 i) 179 7
| i3 5.1 95 603 16
9 1.1 10.0 320 3170 I8
% 23 53 270 400
| 78 8.0 170 250
m 1.0 11.0 150 750 11
] 1.n 35 113 30 7
h] 0. 34 s
o, 13.v 4.0 32
%o 33 14 110 190 11
% 15 6.6 94 75 6
9%q 80 11.0 375 > 4000 40
9r 40 49 >770 19
9s 4.5 6.6 1860 10
L] 20 8.2 81 3
Su 05 39 114 440 39
v 3800 > 154 710 > 4000
Sw 1.3 s 520 4530
x 1.3 11.8 320 »
9y 0.6 52 n 515 23
9z 1R 10.0 132 990 100
9aa 1.7 120 218 > 4000 28
9ab 1.4 6.6 150 230
Sac 133 498 759 > 4000
Sad 0.45 1.1 18 89 38
9ne 29 55 104 > 4000
Saf 208 18.4 320 > 4000
9ag 43 > 160 > 1600 > 4800
Nifedipine 23 18.0° 660 810 56
Nicardipine “HC1 04 14.0 3%0 890 48
Felodipine 0.2 160 350 320 22
Prenylamine 470.0 > 100

"Peak effect at 1 hour after adminisiration.
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The partition coefficient was calculsied by the formula
log P=log D - log | 171+ (10m%-)]
and proved 10 be 6.0-6.1.
6.12, Pharmaco-taxicology

6.12.1. 31 H Inirrendipine binding

Radi binding studies on 1.4-dibydropyridines
binding site in the Ca¥ channels were carried out in mem-
branes of rat brain., Male Sprague Dawley rats (200-300 g,
Charles River, Italy) were killed by cervical dislocation and
hrains (minus cerebella) were excised and enized (2 X
20 gec) in 50 vol. of cold Tris-HC] buffer pH 7.7, nsing a
Politron homogenizer (speed 7). Homogenales were centri-
fuped at 1000 g for 10 min and supernatants recentrifuged at
4 g for 10 min; pelleis were resuspended in 50 vol. of the
same buffer and cenrifuged once more.

The final pellets were suspended in 75 vol. of 50 mM Tris-
HCl buffer pH 7.7: membranes wese incubated in o fina
volume of | mL for | h at 25 °C with 0.2-0.5 nM *[Hnitrendi-
pine, in the abscnce or of competing drugs. non-
spocific binding was determined in the presence of 1 UM nife-

dipine,

Ell'he incubation was by addition of ice-cold Tris-HCI
buffer and rupid filtration through Whatman GF/B. The filters
were then washed with ice-cold buffer and the radioactivity
retained on the filers was couned by liquid scintillation spec-

. The inhibition of specific binding of the radioligands
by the i=sted drugs was snalyzed to enimate the IC,, value by
using the non-linesr curve-fitting program Allfit [48].

4.12.2. Effecis on blood pressure in Spomtaneously Hyper-
tensive Rals (SHR)
Male spontaneously hypertensive rais of the Okemoto Strain,
12-16 weeks, weighing 250-300 g were obtained from
River Jwulia, Calco, Cama. Animals were housed with
free access to food and waler and maintained under standard
conditions of 1emperature and humidity with a 12 h light-dark
cycle, at least for 5 days before the experiment. Systolic arterial
pressure (SBP) was non-invesively recorded (wil-cuff method)
using 8« W&W 8006 BP Recarder and a piezoelectric pulse
transducer (U. Basile, Jualy). The animals were trained to
comply unstressfully to the recording procedure for three days
before the beginning of the experiment and cnly those having
SBP values over mmHg were R
Animals were pre-warmed for 15 min at 37 °C before
recording SBP. Compounds were dissolved or suspended in an
s soluticn of 0.5% Methocel A4C Premium, and admi-
nistered by oral gavape in & volume of § ; the effects on
blood pressure were manitored at 1., 3, 5 and 7 h after adminis-
tration. The decrease in SBP recorded at different times were
calculated a5 % versus the basal values, and the ED.y
values (ex inducing 25% decrease of SBP) wene
evaluated by linear regression analynis at time of peak effect.

& 12.3. Acute 1axicity in mice and rais

Female Albino Swiss mice (28-34 g), and male Sprague—
Dawley rata (180-220 g). obtained from Charles River Jtalia,
Cako, Como, were used. Animals were housed with free
access to food and water and maintained on standard condi-
tions of tem and humidity with a 12 h light—dark cycle.
at least for 5 days before the experiment. The acute toxicity of
iested in mice was evalusied after int itoneal
and omal inistration, in groups of 3 mice ¢ for 4 h)
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a1 the maximal dose of 2000 mg/kg/30 ml. (oral) or 500 mg/kg/
20 mL (intraperitoncal). Compounds were dissolved or suspen-
ded in an aqueous solution of 0.5% Methocel A4C Premium.
When necessary, logarithmic scaled dases of the compounds
were administered to diffarent groups of mice. Mortality was
recorded for 14 days after the administution. LDy, values were
evaluated by the method of Weil [49].

Intravenous toxicity in rarz was evaluated as reported above.,
Compounds were dissolved in polypropylene glycol 400—water
1:1 and administered in the caudal vein (1 ).
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--USE- OF -1;4-DIHYDROPYRIDINE DERIVATIVES-IN THE PREVENTION AND
THERAPY OF ATHEROSCLEROTIC DEGRADATION OF ARTERIAL WALLS,

The invention relates 1o the use of 1,4-dihydropyridines to counter several processes

. which play a role in the development of atherosclerotic vascular lesions, such as
myocytes proliferation and migration, cholesterol metabolism in macrophages and
oxidative modification of low density lipoproteins. Beneficial effects on the above
biological processes can be considered the basis for prevemtion of atherosclerotic
degradation in the arterial walls of humans. The invention also relates to the use of
1,4-dihydropyridines in the manufacture of medicaments for preventing, arresting and
reversing atherosclerotic degradation in the arterial walls of humans.

Arteriosclerosis, a generic term for thickening and hardening of the arterial wall, is
responsible for very many deaths in the United States snd other westernized societies.
One type of arteriosclerosis is atherosclerosis, the disorder of the larger arteries that
underlies most coronary artery disease, aortic aneurysm, and arterial disease of the
lower extremitiess and also plays a major role in cerebrovascular disease,
Atherosclerosis is by far the leading cause of death in the United States, both above and
below age 65.

It is now recognized that atherasclerosis is a multifactorial process which, when leading

w clinical sequelae, is based on extensive proliferation of migrated smooth muscle cells

within the intima of the affected artery. The atherosclerotic plaque formation can be

considered the result of three fundamental biological processes. These are:

1) migration and proliferation of intimal smooth muscle cells, together with variable
numbers of accumulated macrophages and T-lymphocytes;

2) formation by the proliferated smooth muscle cells of large amounts of connective
tissue matrix, including collagen, elastic fibres, and proteoglycans; and

3) accumulation of lipid, principally in the form of cholesteryl esters and free
cholesterol within the celis as well as in the surrounding connective tissues.

In addition, a number of experimental reports suggest a key role for the oxidative
modification of Jow density lipoproteins (LDL) in the early stages of atherosclerosis in
humans, where hypercholesterolemia represents the major risk factor associated with
the increased incidence of the disease. Available data suggest that LDL undergoes
oxidative modification, and that oxidized. LDL may promote atherogenesis by a number
of mechanisms, including their enhanced uptake in tissue macrophages which leads to
lipid accumulation and chemotactic activity for monocytes, and cytotoxicity to arterial
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wall endothelial cells.

It has now surprisingly. been found that certain 1,4-dihydropyridines, known from US
Patent 4705797 for their coronary dilating and antihypertensive activity, are able to
counteract many of the biological processes leading to atherosclerotic lesions and
therefore can be used in humans to prevent and cure the atherosclerotic degradation of
the arterial wall, hypercholesterolemia and varicus diseases caused by these, for
example, ischemic heart diseases such as myocardial infarction and cerebrovascular
diseases such as cerebral infarction and cerebral apoplexy.

The compounds of the invention can also be useful for the inhibition of restenosis
following percutaneous trangiuminal coronary angioplasty (PTCA) and for suppressing
the progression of vascular hypertrophy associated with hypertension.

Particularly preferred among these 1,4-dihydropyridine derivatives are lercanidipine, its
cnantiomers, and pharmaceutically acceptable salts thereof. Lercanidipine is methyl
1,1,N-trimethyl-N-(3,3-diphenylpropyl)-2-aminoethyl 1,4-dihydro-2,6-dimethyl-
-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate,

On the one hand, the (S)-enantiomer and the racemate of lercanidipine, both being
endowed with antihypertensive activity, can be used in patients in need of treatment for
both hypertension and discases related to atherosclerotic phenomena.

On the other hand, (R)-lercanidipine, being practically devoid of antihypertensive
activity, can be used for treating conditions involving smooth muscle cell migration and
proliferation without any concomitant cardiovascular effect. This enantiomer is
therefore applicable to those patients for whom reduction of blood pressure would be
undesirable.

The invention provides the use of a compound having the general formuia I

O Ar O

R\ I I (0] -A—I:I—CH-CHzCH(Ph)z
R1
HaC CHay

wherein
Ph represents a phenyl group,
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——__Ar_represents a 2-nitropheayl, 3-nitrophenyl, 2,3-dichlorophenyl ar benzofurazan4-yl
group,

A represents a branched chain alkylene group having from 3 to 6 carbon atoms,

R represents a straight or branched chain alkyl group having from 1 to 6 carbon
atoms, optionally mono-substituted by an alkoxy group having from 1 to 6 carbon
atoms,

R; represents a hydrogen atom, a hydroxy group or an alkyl group having from 1 to 4
carbon atoms, and

R; represents a hydrogen atom or a methyl group,

or of a salt, epantiomer, hydrate or solvate of such a compound, for the preparation of

a medicament for the prevention, arrest or reversal of atherosclerotic degradation in the

arterial walls of a patient.

The invention further provides a method for the prevention, amest or reversal of
atherosclerotic degradation in the arterial walls of a patient, the method comprising
administering 10 the patient a therapeutically effective amount of a compound of the
general formula I or of a salt, enantiomer, hydrate or solvate of such a compound.

The preferred 1,4-dihydropyridine derivatives | for adminijstration to a patient, or for
use in the preparation of a medicament for admiristration to a pnnent are Jercanidipine
and its (R)- and (S)-enantiomers.

Lercanidipine may be prepared by Hantzsch cyclization of methyl 3-aminocrotonate (1)
with 1,1 N-trimethy)-N-(3,3-diphenylpropyl)-2-aminoethy]! a-acetyl-3-nitrocinnamate
(2) according to the method shown in Reaction Scheme 1 below and more fully
described in US 4707797.

REACTION SCHEME 1

2 LERCANIDIPINE
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Lercanidipine may alternatively be prepared by esterification of 1,4-dihydro-
-2,6-dimethyl-5-methoxycarbomyl-4-(3-nitrophenyl)-pyridine-3-carboxylic acid (3) with
2,N-dimethyl-N-(3, 3-diphenylpropyl)-1-amino-2-propanol (4) according to the method
shown in Reaction Scheme 2 below and more fully described in Example 3 below.

REACTION SCHEME 2

3 4 LERCANIDIPINE

Lercanidipine enantiomers can be prepared by the esterification method reported in
Reaction Scheme 2 above by using the appropriate homochiral acids which, when
present in 1:]1 ratio, constitute the above cited acid 3. These homochiral acids,
bereinbelow for convenience called acid 5 [the (R)-enantiomer] and acid 6 [the
(S)-enantiomer], can readily be prepared by resolution of the racemic acid 3 according
to the methods reparted by A. Ashimori et al., Chem. Pharm. Bull. 39, 108 (1991).

The esterification of Reaction Scheme 2 may be performed in the presence of a
coupling agent, such as dicyclohexylcarbodiimide, N,N'-carbonyldiimidazole or diethyl
cyanophosphonate, and optionally in the presence of a promoting agent, such as
N-hydroxysuccinimide or 4-dimethylaminopyridine, in aprotic or chlorinated solvents,
e.g. dimethylformamide or chloroform, at temperatures ranging from -10 1o 140°C
according to well known synthetic methods: Albertson, Org. React. 12, 205 (1982);
Doherty et al., J. Med. Chem. 35, 2 (1992); Staab et al., Newer Methods Prep. Org.
Chem. 5, 81 (1988); Ishihara, Chem. Pharm. Bull. 39, 3238 (1991).

Alternatively, lercanidipine enantiomers may be prepared by first reacting the acid 5
(or 6) with alkyl chloroformate in presence of a tertiary amine such as triethrylamine,
and then adding the intermediate (4) at 0-80°C. Optiopally, a promoting agent such as
1-hydroxypiperidine may be added before the addition of the intermediate (4), see
Albertson, Org. React. 12, 157 (1982)).

BNSOCCI: «WO  STOG00A1 | >
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The lercanidipine enantiomers may be also prepared by conversion of the acid 5 (or 6)
into the corresponding acyl halide using an jnorganic acid balide, such as phosphorus
pentachloride, oxalyl chloride, phosphorus trichloride, phosphorous oxychloride or
. tiioflyl chloride, in a chiorinated solvent, e.g. chloroform, dichloroethane,
dichloromethane or 1,1,1-trichloroethane, opumﬂlymthepmenceofapromoung
agent such as dimethylformamide, atammpmmofﬁom-lowSS"C 'Iheacyl
halides may, but need not, be isolated before the addition of the intermediate (4).

The lercanidipine enantiomers, howsoever cbtined, may be purified according to
methods known in the art, either as bases (e.g. by column chromatography) or as salts
(e.g." by reprecipitation or recrystallization). The above methods can also be used for
all ‘thie Gther compounds of the general formula 1.

According to the invention, the 1,4-dihydropyridine derivative I may be administered
to the patient as such, or in the form of any of its pharmaceutically accepiable salts,
hydrates or solvates. Preferred pharmaceutically acceptable acid addition salts include
those formed with hydrochloric, sulphuric, maleic, succinic, citric, methanesulphonic
and toluenesulphonic acids; they may be prepared from the free bases in conventional
manner. Whatever the form (base, salt, hydrate or solvate), the active ingredient will
usually be administered in admixture with a pharmaceutically acceptable carrier.

For oral administration, the 1,4-dihydropyridine derivatives may be incorporated with
excipients and used in the form of tabiets, troches, capsules, elixirs, suspensions,
syrups, wafers, chewing gum and the like. These preparations should contain at least
0.5% of active compounds, but the amount of active ingredicnt may be varied
depending upon the particular form and may conveniently be from about 5% to abomt
70% of the weight of the unit. The amount of active compound in such compositions is
such that a soitable dosage will be obtained, although the desired dosage can be
obtained by administering a plurality of dosage forms. The compounds of the invention
mybeadminiswredauheumldongeofo1m400mg.thelto200mgdosagerange
being preferred. Theublas pills, capsules, trochuandthelikcmayﬂsommm for
example, the followmg ingredients: a binder such a5 microcrystalline cellulosé,
tragacanth gpum or gelatin; an excipient such as starch or lactose; a disintegrating agent
such as alginic acid, sodium starch plycolate, corn starch and the like; a lubricant such
. a3 magnesium stearate or hydrogenated castor oil; and a glidant such as colloidal silicon
dioxide. Sweetcning agents such as sucrose or saccharin can be included, as can
flavouring agents such as peppermint, methy] salicylate or orange flavouring. When the
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~ dosage uni¢ form is a capsulé, it may coniain, ini aidditiolto materials of tlie above
type, a liquid carrier such as a fatty oil. Oral dosage units may contain various other
materials which modify the physical form of the dosage unit, for example, as coatings.
Thus, tablets or pills may be coated with sugar, shellac, or other enteric coating agents.
A syrup may contain, in addition to the active compounds, sucrose as a sweetening
agent and certain preservatives, dyes, colowring and flavours. Materials used in
preparing these varions compositions should be pharmaceutically pure and non-toxic in
the amounts used.

For parenteral administration, the 1,4-dibydropyridine derivatives may be incorporated
into a solution or suspension. These preparations should contain at least 0.1% of active
compound, but the amount of active ingredient may vary between 0.5% and about 30%
of the weight thereof. The amount of active compound in such compositions is such
that a suitable dosage will be obtained. Preferably a parenteral dosage unit containg
between 0.05 to 100 mg of active compound. The solutions or suspensions may also
include the following components: a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic
solvents; an antibacterial agent such as benzyl alcohol or methyl parabens; an
antioxidant such as ascorbic acid or sodium bisulphite; a chelating agent such as
cthylenediaminetetraacetic acid; a buffer such as an acetate, a cirate or a phosphate;
and an agent for the adjustment of toxicity such as sodium chloride or dextrose,
Parenteral multiple dose vials may be of glass or plastics material.

Dosage forms, additional ingredients and routes of administration contemplated berein
include those disciosed In US 4089969 and US 5091182, both incorporated by
reference in their entirety.

The following Examples illustrate the preparation of (R,S)-lercanidipine and the (S)-

EXAMPLE 1

(S)(+)-methyl 1,1-N-trimethy}-N-(3,3-dipbenylpropyl)-2-aminoethy] 1,4-dihydro-
-2,6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate [(S)-Lercanidipine)
hydrochioride bemitydrate

0.13 ml of thiony] chlaride was added at -10°C to a stirred suspension of 0.54 g of
(R)-1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-5-methoxycarbonyl-pyridine-
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-3-carboxylic acid in-2.9 ml of anhydrous-dichloromethane and 0.75 ml of anhydrous
dimethylformamide kept nnder nitrogen atmosphere and sheltered from direct light.
After 1 hour at 0°C, a solution of 0.48 g of 2,N-dimethyl-N-(3,3-diphenyl-propyl)-
-1-amino-2-propanol (prepared as described in US 4705797) in 1 ml of
dichloromethane was added at -5°C. After stirring for 3 hours at 0°C and standing
overnight at 20-25°C, the solvent was evaporated off in vacuo and the residne was
dissolved in 20 ml of ethyl acetate, The organic phase was washed sequentially with
_brine (4 ml), 10% aqueous sodium carbonate solution (5 x 4 ml), brine (4 ml), IN
hydrochloric acid (5 x 5§ ml), brine (4 ml), 10% aquecus loamg: 1 carbonate. solution (2.
"X 5 ml) and finally with brine (4 ml). The organic phase was dried over anhydrous
sodium sulphate and wnpm in vacuo. The residue was-purified by flash
chromatography on a silica gel column eluting with petrolevm ether:acetone 85:15. The
unitary TLC fractions (petroleum ether:acetone 7:3 by volume and chloroform:SN
methanolic ammonia 99:1.1 by volume) were evaporated to give a residue which was
dissolved in 75 ml of diethyl ether containing 3% of acetone. After filtration the
solution was acidified with 3N ethereal hydrogen chloride and the precipitate was
collected by suction and dried at 78°C/15 mmHg to give 0.66 g of the title compound.

M.p. 115-125°C; [o]p™= + 70.56° (MeOH; c = 0.981).
Elemental analysis % for CysH N3O HCL.0.5 H,O
Found: C, 65.47: H, 6.57; N, 6.29; Cl, 5.32; H,0, 1.68
Calc.: C, 65.79; H, 6.60; N, 6.39; Cl, 5.39; H,0, 1.37

"H-NMR Spectrum of the base at 200 MHz (CDCls, 8):

8.10 (m, 1H) nitrophenyl, 2-CH
7.9 (m,1H) nitrophenyl, 4-CH
7.62 {m,1H) nitrophenyl, 6-CH
7.33 (dd, 1H) nitrophenyl, 5-CH
7.29-1.10 (m, 10H) aromatic H atoms of CH(Ph),
5.7 (bs, 1H) pyridine, NH
. 5.05 (s, 1H) pyridine, 4-CH
3.92 (t.1H)  CH(:
3.63 (s, 3H) COOCH,
2.57 (m, 2H) OC(CH,):CH,N

2.40-2.23 (m,2H)  N(CHyCH,CH,
2.33-2.27 (2s,6H)  pyridine, 2-CH, and 6-CH,
2.19-2.09 (m,2H)  N(CHy)CH:CH,

34
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Z17 G3H) ™ - NCHy ™ —— ~— — ——
1.35-1.31 (2s, 6H) OC(CH,),CH;N

EXAMPLE 2

(R)-(-)-methyl 1,1-N-trimethyl-N~(3,3-dipbenylpropyl)-2-aminoethyl 1,4-dibydro-
-2, 6~dimethyl-4-(3-nitrophenyl)-pyridine-3, 5-dicarboxylate [(R)-Lercanidipine]
hydrochloride hemihydrate

The title compound was obtained by the method described in Example 1 for its
(S)-cpantiomer, but using the (S)-enantiomer of 1,4-dihydro-2,6-dimethyl-
-4-(3-nitrophenyl)-5-methoxycarbonyl-pyridine-3-carboxylic acid instead of the

(R)-enantiomer

M.p. 115-120°C, [alp> = -70.88 (MeOH, ¢ = 0.975).
Elemental analysis % for CsgH4 N3Og .HC1 .H;0

Found: C, 64.93; H, 6.62; N, 6.24; Cl, 5.41; H,0, 2.50
Calc.: C, 64.90; H, 6.60; N, 6.31; Ci, 5.32; H,0, 2.70

The "H-NMR spectrum of the base in CDCl; was exactly the same as that reported in
Example ] for the (S)-enantiomer.

EXAMPLE 3
Methyl 1,1-N-trimethy)-N~(3,3-diphenylpropyl)-2-aminoethy] 1,4-dihydro-

-2,6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate [Lercanidipine]
b oride

45.8 g (0.385 mole) of thionyl chloride was dropped over a period of 15 minutes into a
stimed mixture comprising 116.2 g (0.35 mole) of 2,6-dimethyl-5-methoxycarbonyl-
~4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid (3), prepared as described in
DE 2847237, 645 ml of anhydrons dichloromethane and 160 ml of anhydrous
dimethylformamide, maintained in a nitrogen atmosphere at between -4°C and +1°C.
The mixiure was kept at the same temperature under stirring for 1 hour, and then -
104.1 g (0.35 mole) of 2,N-dimethyl-N-(3,3-diphenylpropyl)-1-amino-propanol (4),
prepared as described in US 4705797, disolved in 105 ml of anhydrous
dichloromethane was added dropwise over a period of 15 mioutes at -10°C to 0°C.

PRTYYHD AN OTAROAT | »
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---After-stirring for -three-hours- at-0°C-and-standing-overnight-at-room temperature, the
solvent was evaporated off under vacuum and the residue was dissolved in 3500 ml of
ethyl ‘acetate. The organic phase was washed sequentially with brine (700 ml), 10%
aqueons sodjum carbonate solution (5 x 700 ml), brine (700 ml), IN hydrochioric acid
(5:700ml)andfmllyw:ﬂ1brm(’lmml) The organic phase was dried over
anhydrous sodm'i:"sulphntefarBOmmutes and then filtered, shaken with 23 g of
charcoal and filtered again. The volume of the solution was reduced to about 1 litre by
muwummmmrmw* &
\ theaymllwerecoﬂemedbylucuonfﬂmuonandreaymllmdﬁ'omm% cthanol to

PHARMACOLOGICAL DATA

,—"f . e . 8 e i A e
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In the drawings:

Figure 1 is a graphical representation of the effect of lercanidipine and its enantiomers
on ['H}-thymidine incorporation into myocetes of rat smooth muscle cells,

Figure 2 is a graphical representation of the ability of lercanidipine and its enantiomers
to interfere with the migration of arterial myocetes,

Figure 3 is a graphical representation of the ability of lercanidipine and its enantiomers
to inhibit the enzyme ACAT and cholesterol esterification induced by AcLDL in mouse
peritoneal macrophage,

Figure 4 is a graphical representation of the concentration-dependent effect of
lercanidipine and its enantiomers on cholesterol esterification in cholesterol ester loaded
macrophages,

Figures 5 and 6 are graphical representations of the effect of Iercanidipine and its
enantiomers on cell-mediated oxidation of LDL, and

Figure 7 is a time course plot of cell-mediated oxidation and the effects of lercanidipine

after incubation.
Effects on arterial myocyte migration and proliferation

Animal models of vascular injury have shown that an arterial lesion is followed by
proliferation of the medial myocytes, many of which migratc into the intima and
further proliferate to form a neointimal lesion. The causes of these events are not
completely understood. Recent findings have elucidated that myocytes make up
approximately 90-95% of the cellular population of the atherosclerotic lesion in young
adults and compose an average of 50% of the advanced atherosclerotic plaque. In
addition, vascular myocytes contribute to the lesion by synthesis of extraceilular matrix

PR IARARR, G emapanRs |
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and- they can accumulate lipids-and become foam celis. Thus, the elucidstion of the
factors sffecting these phenomena affords new entry points for selective interference
and inhibition of the process of atherogenesis.

Migration of myocytes was investigated for the present invention using rat sortic
smooth muscle cells in the presence of fibrinogen as chemotactic factor, whereas for
stndies on their proliferation rat and homan cells were used. Cell count and
[’H)}-thymidine incorporation were used to evaluate myocytes growth. The
methodology was as follows:

Myocytes were cultured from the intima-medial layer of the aortas of male
Sprague-Dawley rats (200-250 g). Cells were grown in monolayers at 37°C in a
humidified atmosphere of 5% CO. in Eagle's minimum essential medium supplemented
with 10% (v/v) fetal calf serum, 100 U/ml penicillin, 0.1 mg/m] streptomycin, 20 mM
tricine buffer and 1% (v/v) non-essential amino acid solution The medium was .
changed every third day. Cells were used between the 4th and 10th passage. Cell
viability was timely assessed by tripan blue exclusion. Myocytes were identified for
growth behaviour, morphology and using monoclonal antibody specific for a-actin, the
actin isoform typical of myocytes. Human vascular myocytes (A 617 from human
femoral artery) were grown in the same culture conditions. Cells were seeded at
various densities for rat (2 x 10%) and human (5 x 10*) myocytes/petri dish (35 mm),
and incubated with Eagle's minimum essential medium supplemented with 10% fetal
calf serum. Twenty-four hours later the medium was changed to one containing 0.4 %
fetal calf serum to stop cell growth, and the culres were incubated for 72 hours. At
this time (time 0) the medium was replaced by one containing 10% fetal calf serum in
the presence or absence of known concentrations of the tested compounds and the
incubation was continued for further 72 hours at 37°C. At time 0, just before the
addition of the substances to be tested, a sample from each petri dish was used for cell
counting. Cell proliferation was cvaluated by cell count after trypsinization of the
monolayers using a Coulter Counter model ZM. Cell visbility was assessed by tripan
blue exclusion, and found to be higher than 95% at the drug concentrations used. The
results are shown in Table 1.

PAAIYYIN- AN STEAARDAT | »
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TABLE 1 - Myocytes growth inhibition measured by cell count

PCT/EP96/02872

M LE (R)-LE (S)-LE NI LA
fom | 1CGM | 1CGM) | ICaM) | 1CkM) | ICkGeM)
SD Rat 31.2 30.7 33.3 38.8 23.6
SHR Rat 14.1 9.2 16.8 n.t n.t.
. WK Rat 16.4 15.3 20.7 nt nt.
Human 25.3 n.t. nt nt n.t.

LE = Lercanidipine SD = Sprague Dawley*

NI = Nicardipine SHR = Spontancously Hypertensive®
LA = Lacidipine . WK = Wistar Kyoto*

ICsp = concentration required to inhibit cell growth by 50%

.t = not tested

* = from Charles River, Calco, haly

Lercanidipine and its enantiomers decreased the rat and human myocyte proliferation in
a concentration-dependent manner, as shown in Table 1, and showed practically the
same potency as the reference 1,4-dihydropyridines tested. It has to be emphasized that
lercanidipine (and its enantiomers) proved active on the cells from all the species
investigated, in particular in humans. '

In another set of experiments, synchronization of myocytes to the Go/G; interphase of
the cell cycle was accomplished by incubating logarithmically growing ciltures (= 3 x
10° celis/plate) for 96-120 hours in a medium contining 0.4% fetal calf serum.
Quiescent cells were incubated for 20 hours in a fresh medium with 10% fetal calf
serum in the presence of the tested drugs. Cell proliferation was then estimated by
miclear incorporation of [*H]thymidine, incubated with cells (1 xCi/ml medium) for 2
hours. Radioactivity was measured with Filter-Count scintillation cocktail.

The results are shown in Figure 1, and confirm the high potency of lercanidipine and
. its enantiomers in inhibiting cell growth.

Migration of rat myocytes was examined using a 48-well micro chemotaxis chamber

(Neuro-Probe, USA). Freshly trypsinized myocytes were suspended in a medium
supplemented with 5% fetal calf serum (assay medium). The lower wells, containing
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27 gl of the assay medium that included fibrinogen (600 pg/mi) as chemotactic agent,
were covered with a polyvinylpyrrolidone-free polycarbonate filter (8 uM pore size).
50 u! of the cell suspension (1 x 10° cells/ml) were placed in the upper compartment
with the tested compounds, Incubstion was carried out for 5 hours at 37°C in an
atmosphere of 95% air and 5% CO,. After incubation the filter was removed from the
chamber and non-migrated cells were scraped from the upper surface, and the filters
wasbed with pbosphate buffered saline three times. The filters were stained with
Diff-Quik (Merz-Dade AG, Switzerland), The number of myocytes per 100 x high
power ficld that had migrated to the lower surface of the filters was determined
microscopically. Six high power fields were counted per sample and the results were
averaged.

The results are shown in Figure 2, and demonstrate the ability of lercanidipine and its
enantiomers to interfere with the migration of arterial myocytes. All .the tested
compounds were able to inhibit myocytes migration in a dose-dependent manner with
the (R)-enantiomer showing the most pronounced effect.

Effects on cholesterol metabolism in mouse peritoneal

The atheroma contains two main cell types, macrophages and smooth muscle cells.
Macrophages are derived from circulating monocytes and are the main lipid-loaded
cells in the lesions. The mechanism by which they accumulate lipoprotein cholesterol
and develop into foam cells depends mainly upon receptor-mediated processes,
involving the 3o called "scavenger receptor® that recognizes chemically and biologically
modified LDL., such as acetyl LDL (AcLDL) and oxidized LDL. The scavenger
receptor, unlike the LDL receptor, is not subject to feed-back regulation and the result
is a massive accumulation of cholesterol in cells. Cholesterol accumulates in
macrophages in esterified form by a process involving the enzyme acyl-coenzyme
A-cholesterol acyltransferase (ACAT) which catalyzes the cholesterol esterification in
cytoplasm. Only free cholesteral can be removed from macrophages.

Cholesterol esterification induced by AcLDL in mouse peritoneal macrophages was
investigated as follows. Mouse peritoneal macrophages were obtained by peritoneal
lavage from mice (Balb/c Charles River, Calco,- Italy) three days afier intraperitoneal
injection of thioglycolate. Cells (2-3x10%) were plated in 35 mm wells with Dulbecco'’s
minimum essential medium containing 10% fetal bovine serum. After 3 hours, the
dishes were washed o climinate unattached cells and maintained in Dulbecco’s
minimum essential medium plus 10% fetal bovine serum for 24 hours before use. Afier

Lol e B ) oA | o
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cell plating, experiments were performed at 37°C in serum free Dulbecco's minimum
essential medium containing 0.2% essentially fatty acid-free bovine serum albumin phas
the indicated additions. Human LDL (d=1.019-1.063 g/ml) were isolated from plasma
of healthy volunteers by sequential ultracentrifugation (Beckman L5-50, Palo Alto,
CA). For acetylation, LDL were dialysed against 0.15 M NaCl, pH 7.4, diluted with
an equal volume of saturated sodium acetate and treated with acetic anhydride. For
["®IJAcLDL, lipoproieins were lsbelled with sodium ['“TJiodide desalted by gel
filration on Sephadex G-25 eluted with phosphate buffered saline. Specific activity was
100-200 cpm/ng protein. Trichloroacetic acid non precipitable radioactivity was below
2% of total. All lipoproteins were sterile filtered. Cells were incubated for 24 hours
with the tested compounds. After sobstitution of the medium with an identical one,
incubation was continued for additional 24 hours. During this second incubation
['“IIACLDL were added (50 pg/ml). Cholesterol esterification was measured after
addition of [1-'*C] oleic acid (0.68 mCi sample) complexed with bovine serum albumin
during the last 1 or 2 hours of incubation and subsequent determination of radioactivity
associated with cellular cholesteryl esters. Where indicated cells were enriched with
cholesterol by 24 hours incubation with 50 pzg/ml of AcLDL before drug addition and
experimental determinations.

Lercanidipine and its enantiomers proved able to inhibit, in a concentration dependent
way, up to 90% of the formation of esterified cholesterol induced by AcLDL in mouse
peritoneal macrophage (in other words the esterifying effect of enzyme ACAT). The
ICx values for lercanidipine and cnantiomers ranged from 8 to 15 uM, as shown in
Figure 3, the (R)-cnantiomer being the maost active compound.

Another set of experiments was performed to evaluate the effect of lercanidipine on
cholesterol esterification in macrophages loaded with cholesterol ester before the
addition of the compound, this condition being the same as in foam cells. Cells are
loaded with cholesteryl esters by exposure for 24 hours to a medium containing 50 pg
acetyl LDL. The results, in Figure 4, show that lercanidipine inhibited cholesterol
esterification up to 70% in a concentration dependent manner with an ICy value of
about 7 uM. The (R)-cnantiomer of lercanidipine proved slightly more potent than the
racemate and (S)-lercanidipine was the least potent among the compounds tested.

Finally, it was proved that lercanidipine and its enantiomers at 5 uM did not impair the

" capability of the macrophages to hydrolyze the esterified cholesterol stored in the

cytoplasm. These experiments were performed by incubating cells preloaded with
PHicholesterol in the presence of the specific ACAT inhibitor S-58035. The blockade
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of intracellular re-esterification of cholesterol allowed the assessment of the shility of
cells to hydrolyse the accumulated cholesterol esters. Addition of lercanidipine and its
emntiomers did pot influence the cellular hydrolytic activity as documented by the
values of radicactivity in the esterified cholesterol fraction.

[1,2-*H]Cholesterol is included in all loading media at a concentration of 0.5 xCi/ml.
After 24 hours loading period, during which time the radiolsbeled cholesterol is
incorporated and esterified, the cell monolayers are washed and incubated an additional
24 hours in medium containing 0.1% bovine serum albumin to allow the intracellular
pools of labelled cholesterol to equilibrate to the same specific activity. To quantitate
cholesteryl ester hydrolysis, the loaded cells are incubated for up to 24 hours in
Dulbecco's minimum essential medium containing drugs,-0.1% bovine serum albumin,
and the compound S-58035, an inhibitor of acyl-coenzyme A-cholesterol
acyltransferase, The inhibition of acyl-coenzyme A-cholestero! acyltransferase prevents
the reesterification of any free cholesterol generated by cholesteryl ester hydrolysis and
thus allows assessment of the activity of the hydrolase. The hydrolysis of the
cholesteryl esters is quantitated by determining the decrease of radiolabeled cholesteryl
esters [E.H. Harrison et al., J. Lipid. Res. 31, 2187 (1990)). Afier the indicated
incubations, cells were washed with phosphate buffered saline and extracted with
hexane:isopropanol (3:2 v/v). Media were extracted with chloroform:methanol (2:1
viv). After solvent removal, free and esterified cholesterol were partitioned by TLC
(isooctane:diethyl ether:acetic acid, 75:25:2 by volume). Cholesterol mass or
radicactivity of the spots were determined by an enzymatic method (Boehringer
Manpheim, Germany) [F. Bernini et al., Atherosclerosis 104, 19 (1993)] or by lignid
scintillation counting (Lipoluma Lumae, Landgraf, The Netherlands) respectively. The
results are given in Table 2.

TABLE 2 - Effectofluumdrmandmmmmmm

on cholesteryl ester hydrolysis in macrophages _
% of cholesteryl ester
BB 1 s 1 TEE
+
Acl.DLSOuIml+S—SlOBSl$gIml+5110"MLE 12 +1.2
AcLDL 50 pg/ml + S-58035 1 ug/ml + 5x10° M (S)}-LE 14 + 0.4
AcLDLSOngml+8-580351ngml+5 10¢ M (R)-LE 16 + 2.1

Effects on LDL oxidation
Emumnﬁlrepmmggutakwrdefortheuxﬂmmod:ﬁamoflbLmthc
carly stages of atherosclerosis in humans. Available data suggest that LDL undergoes
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oxidative modifications in vivo and that oxidatively modified LDL (Ox-LDL) may
induce atherogenesis by a number of mechanisms, including its enhanced uptake in
tissue macrophages (via the scavenger receptor pathway) which leads to lipid
accumulation, and chemotactic ectivity for monocytes, and cytotoxicity to arerial wall
endothelial cells.

Lercanidipine antioxidant capacity was evaluated by incobating LDL with 20 pM Cu**
in the presence or absence of different concentrations of the tested compound (0.01 uM
- 50 uM). LDL oxidation was followed by monitoring conjugated diene formation at
234 om. Thbe experimental conditions were as follows. LDL (d = 1.019-1.063) were
isolated from human pooled plasma by sequential ultracentrifugation at 4°C and 40,000
rpm in a 50T rotor, using a 1L5-50 ultracentrifoge (Beckman, Palo Alto, CA). LDL
were then dialyzed against 0.15 M NaCl containing 0.01% ethylenediaminectetraacetic
acid pH 7.4, sterilized by filtration through a 0.2 gM millipore filter and kept at 4°C
under nitrogen in the dark until use (up to 3 weeks), Before use LDL were dialysed
apainst ethylenediaminetetrascetic acid free phosphate buffered saline pH 7.4 on
Sephadex G-25 columns (PD-10, Pharmacia Fine Chemicals, Uppsala, Sweden) and
then LDL were filtered through a sterile 0.22 uM filter. LDL in phosphate buffered
saline (50 ug lipoprotein protein/ml) were oxidized by incubation at 25°C with 20 uM
CuSO, far 3 hours. The lercanidipine solution was prepared as a 10? M stock solution
in methano! and added as ethanol solution (maximum 1% v/V) prior to addition of
copper. The effect of lercanidipine on the oxidation of LDL was determined by
continuous monitoring the conjugated diene formation by recording the increase in the
absorbance at 234 nm at 5 min intervals during a three hours period, against a
phosphate buffered saline blank, using a UV spectrophotometer (Beckman DU 640)
with continuous reading with an automatic 6-cell changer. The lag time of the onset of
oxidation was calculated as the intercept between the line of the maximum slope of the
propagation phase and the baseline where absorbance was that at time 0. The results are
shown in Table 3. '
TABLE 3 - Effect of lercanidipine on the

lag time of LDL oxidation
Lercanidipine uM Lag time
0 46.5 1 4.6
0.5 45.1 £ 3.7
1.0 49.8 + 4.7
2.5 53.6 + 3.3*
5.0 73.2 + 4.8¢
10.0 112.7 + 5.2¢
*P <0.05; tP <001
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As Table 3 shows, 10 uM lercanidipine racemate doubled the lag-phase of LDL
oxidation: the effect of the compound was concentration-dependent. The activity of the
_ enantiomers was comparable to that of the racemate.

The antioxidant capacity of lercanidipine and its enantiomers was investigated also on
cell-mediated oxidation. This was evaluated by incubating ethylenediaminetetraacetic
acid free LDL under sterile conditions with 5 uM Cu** (100 ug Apo B/ml) in the
presence of J774 cells or alternatively with EAhy-926 cells. Oxidation was blocked
after 22 hours incubation by adding butylated hydroxytoluene to the medium (final
concentration 40 pM) dissolved in ethanol. The extent of lipid peroxidation was
measured by determining the percéntage inhibition of aldehydic breakdown products
using the thiobarbituric acid assay [A.N. Hanna et al., Blochem. Pharmacol. 4S5, 753
(1993)]. Briefly, to 0.250 ml of the incubated samples, 0.750 ml of trichloroacetic acid
(0.20% w/v) was added followed by 0.750 ml! of thiobarbituric acid (0.67% w/v). The
samples were heated at 100°C for 20 min, followed by cooling and centrifugation.
Malondialdehyde equivalents were calculated using 1,1,3,3-tetramethoxy-propane as
standard.

The results in Figure 5, obtained with ATCC TIB 67 J774A.1 cells, show that
lercanidipine and its enantiomers were effective in reducing LDL oxidation. The results
in Figure 6, obtained with EAhy 926 cells which share many of the properties of
endothelial cells, show that lercanidipine reduced the oxidation of LDL in a range
between 10 and 100 uM.

In the above experiments of cell-mediated oxidation the effects of lercanidipine were
imvestigated after 22 hours incubation. In order to investigate the reason for the lower
potency shown by lercanidipine in these conditions, the extent of lipid peroxidation in
the presence of 30 uM lercanidipine was checked at different times by withdrawing
samples of the incubation medium and measuring the oxidation compounds as above.
The results are shown in Figure 7, and it can clearly be seen that 30 uM lercanidipine
exerted a very high inhibition of lipid oxidation after 10 hours incubation. This result
supports the view that lercanidipine at appropriate time could be as potent on
cell-mediated LDL oxidation as it is on Cu™*-mediated oxidation.

Lercanidipine proved the most potent 1,4-dihydropyridine so far tested in these assays,

its potency being one order of magnitude higher than that of lacidipine, the most potent
in this experimental setting among the 1,4-dihydropyridine compounds previously
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known,

. Effects on blood pressure in hypertensive dogs

- The antihypertensive effects of oral assumption of lercanidipine and its epantiomers
were tested in renal hypertensive dogs.

Male beagle dogs weighing 12-13 kg, aged 1-3 years (Nossan Allevamenti, Italy) were
used. Chronic sustained hypertension was induced by bilateral renal artery constriction,
according to the Goldblatt method "two-kidney, two clip hypertension®. Under
. barbiturate anaesthesia (35 mg/kg i.v.) during two different surgical interventions one
month apart from each other, both renal arteries were clipped with original renal silver
clips and parrowed by about 60-70%. Afier two months from the last intervention, an
experimental renal hyperiension was produced and the animals were suitable for the
implantation of & catheter. Under sodium pentobarbital anacsthesia (35 mp/kg i.v.), in
sterile conditions, the dogs were catheterized by inserting an indwelling cannula (PE
200 Clay Adams) into the ascending aorta through the right common carotid artery.
The catheter was subcutaneously exteriorized at the back of the neck, filled with
heparinized sgline solution and daily flushed to prevent clotting. After 2 week to
recover from surgery, the animals were connected to a HP 1290A pressure transducer
conoected to an HP 8805B carrier amplifier of a Hewlett Packard HP 7700
multichanne] polygraph, in order to monitor the arterial blood pressure. Heart rate was

manually computed from the pressure trace.

All animals were alternatively treated with placebo, lercanidipine and its (R)- and
(S)-enantiomers. The drugs were administered by the oral route with a soright round
aseptic tip catheter (Pores Serlat - France), The drugs were suspended in aqueous 0.5%
Methocel A4C plus Antifoam M10 (10%). The administered volume was 1 ml/kg. The
suspending medicine was used as placebo, During experimental performance, the
arterial blood pressure was continuously recorded 30 minutes before (Basal Values) and
up to 8 hoamrs after drug administration,

Lercanidipine and (S)-lercanidipine induced a dose-related decrease in arterial blood

- pressure. The EDys values (dose inducing 25% decrease in DBP at peak effect) were
cvaluated by linear regression analysis and are summarized in Table 4.
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TABLE 4
Compound EDys (mg/kg) 95% C.L.
Lercanidipi 0.9(.5 + 1.
(S)-Ianni.lgiapt_ne 04 8.3 + 0.%
(R)-Lercanidipine >> 3
C.L. = Confidence limits

idipine exerted the most potent antihypertensive action, to be two

f(?-ldmm :cmthanthem:mm. ﬁmml&e)-emmwg:vmmanmaffm

‘blood pressure (less than 10% decrease in DBP) up w 30 mg/ke.
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CLAIMS
1. Use of a compound of the general formula |
0 Ar O
Ro 0 ~A—N—CH—CH,CH(Ph) )
1
HyC | CHs
H
wherein

Ph represents a phenyl group,

Ar  represents a  2-nitrophenyl,  3-nitrophenyl, 2,3-dichlorophenyl or
benzofurazan-4-yl group,

A represents a branched chain alkylene group having from 3 to 6 carbon atoms,

R represents a straight or branched chain alkyl group having from 1 to 6 carbon
atoms, optionally mono-substituted by an alkoxy group having from 1 to 6
carbon atoms,

Ry  represents a hydrogen atom, a hydroxy group or an alkyl group having from 1
to 4 carbon atoms, and

R,  represents a hydrogen atom or a methyl group,

or of a salt, enantiomer, hydrate or solvate of such a compound, for the preparation of

a medicament for the prevention, arrest or reversal of atherosclerotic degradation in the

arterial walls of a patient.

2. Use of lercanidipine, (S)-lercanidipine or (R)-lercanidipine, or of a salt,
hydrate or solvate of such a compound, for the preparation of a medicament for the
prevention, arrest or reversal of atherosclerotic degradation in the arterial walls of a
patient.

3. Use according to claim 1 or claim 2 for the preparation of a medicament
which contains a pharmaceutically acceptable carrier.

4, Use according to any preceding claim for the preparation of a medicament
in a form suitable for oral administration.

5. Use according to claim 4 for the preparation of a medicament which
contains from 5% to 70% of the compound.
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6. Useamp:dingmc!aim4orclaim5furmeprqnntbnofamediamem
which contains from 0.1 mg to 400 mg of the compound in single dose form.

7. Use according to claim 4 or claim 5 for the preparation of a medicament
which contains from 1 mg to 200 mg of the compound in single dose form,

8. Uumdingwanyofdaimslefortheprepafaﬁnnofamediamem
in a form suitable for parenteral admmistration.

9. Use according to claim 8 for the preparation of a medicament which
contains from 0.5% to 30% of the compound.

10. Use according to claim 8 or claim 9 for the preparation of a medicament
which contains from 0.5 mg to 100 mg of the compound in single dosc form.

£l
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TITLE

A Process for the Preparation of Lercanidipine Hydrochloride

-DESCRIPTION

The invention relates to a process for the prepnn;ion of lercanidipine hydrochloride.

Lercanidipine is methyl 1,1,N-trimethyl-N-(3,3-diphenylpropy!)-2-aminoethyl
1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate. It has the

5
>

NO,
H,Co0C I | °
N
H,C | CH,
H

Lercanidipine was disclosed in United States Patent No 4705797. It is an antagonist of
type-L calcium channels, and has been found to be very active as an antihypertensive
and as an agent for the treatment of angina and coronary discase.

The preparation of lercanidipine, as described in the aforesaid US Patent, follows the
route shown in the following reaction scheme:

H,C N

QL S
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According to this scheme, the aminocalcohol (1) is esterified with diketene to form the
corresponding acetoacetate (2), which is then coupled with 3-nitrobenzaldehyde to give
1,1,N-trimethyl-N-(3,3-diphenylpropyl)-2-aminoethyl o-acetyi-3-pitrocinnamate (3).
This is cyclised with methyl 3-aminocrotonate in refiuxing isopropanol.

This process has a mumber of disadvantages. By its very nawure, the Hantzsch
cyclisation used in the final step gives rise to several by-products. Not only does this
reduce the yield of the desired product, but the removal of the by-products requires the
use of purification techniques, such as column chromatography, which are difficult to
apply on an industrial scale. Indeed, the yield for the final step is 35%, and the overall
process yield is 23%.

The product obtained by this process is lercanidipine hydrochloride hemihydrate,
melting at 119 to 123°C. This product is somewhat hygroscopic, which can lead to
inconstancy of composition and difficulties in handling during the preparation of
pharmaceutical formulations. Moreover, the stability of the lercanidipine hydrochloride
hemihydrate is not entirely satisfactory.

The invention provides a process for the preparation of lercanidipine hydrochloride, the

process comprising:

2) balogenating  2,6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-dihydro-
pyridine-3-carbaxylic acid with a halogenating agent in an aprotic solvent;

b) adding 2,N-dimethy)-N-(3,3-diphenylpropyl)-1-amino-2-propanol dissolved in
an aprotic solvent to the resultant acid halide; and

c) isolating the resultant lercanidipine as its anhydrous hydrochlaride.

-~
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‘The process of the invention is illustrated by the following reaction scheme.

NO,
H,CO l | COOH + (1) -1
H, T CH,
H 4

Preferably, the balogenation is a chlorination. It may be conducted in chlorinated or
non-chlorinated aprotic solvents, e.g. chloroform, dichloromethane, dichloroethane,
chlorobenzene, 1,1,1-trichloroethane, ethyl acetate, methyl acetate, tetrahydrofuran,
dioxane, dimethylformamide, dimethyl carbonate or any mixtwre thereof, using known
chlorinating agents, e.g. thionyl chloride, phosphorus pentachloride, phosphorus
trichloride, phosphorus oxychloride, oxalyl chloride or other commercial chlorinating
agents, operating at a temperature ranging from -15°C to +40°C, optionally in an inert
gas atmosphere such as nitrogen or argon. The duration of the chlorination reaction
may be from 15 minutes to 3 hours.

The aminoalcohol (1) dissolved in one of the sbove solvents or, aliernatively, in
another aprotic solvent, e.g. toluene, xylene or an alkane or cycloalkane having from 5
to 7 carbon atoms, is then added while keeping the reaction temperawre in the -15°C 10
+40°C range and the reaction is allowed to continue until completed. Completion of
the reaction may be determined by testing a sample from the reaction mixture by
appropriate analytical techniques such as thin layer chromatography or high
performance liquid chromatography. '

The process of the invention is an esterification of the corresponding dihydropyridine
acid. Since the acid halide does not need to be isolated, it is in effect a one-siep
process. Compared to the prior art process, described above, fewer reaction
by-products are formed. As a result, an improved yield is obtained and this is
accompanied by simpler purification and isolation of the lercanidipine. This may be
conducted by conventional methods based, for instance, on extraction with solvents
from basified solutions, re-salification with hydrochloric acid and re-crystallisation.
Thus the use of chromatographic columns to isolate the desired final product can be
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avoided. As column chromatography always requires the use of high amounts of
arganic eluants, its avoidance clearly contributes to the industrial applicability of the
process in terms of improved product quality, lower manufacturing costs and easier
ecological disposal of process waste.

The lercanidipine hydrochloride prepared according to the present invention is in an
anhydrous crystalline form and melts within two degrees Celsgius in the 185 to 190°C
range afeer re-crystallization of the crude hydrochloride first from aprotic solvents,
such as ethyl acetate, methyl acetate or acetone, and then from protic solvents, such as
ope or more of methanol, ethanol, n-propancl, i-propanol, n-butanol, s-butanol and
t-butanol, optionally in admixture with other salvents, including water. It has
furthermore been found to be more stable and less hygroscopic than the lercanidipine
hydrochloride hemihydrate obtained according to the prior process. These properties
make it more suitable for pharmaceutical use, since they facilitate simpler large-scale
mamufacture of solid pharmaceutical preparations.

The following Examples illustrate the invention.

EXAMPLE ]
Lercanidipine hydrochloride

45.8 g (0.385 mol) of thiomyl chloride were added dropwise over a period of about 15
minutes to a stirred mixture of 116.2 g (0.35 mol) of 2,6-dimethyl-5-methoxycarbonyl-
-4-(3-nitrophenyl)-1,4-dibydropyridine-3-carbaxylic acid (4), prepared as described in
German Patent 2847237, 645 ml of anhydrous dichloromethanse and 160 ml of
anhydrous dimethylformamide kept at a temperature of -4 to +1°C under nitrogen.
The mixture was stirred for 1 hour within the same temperature range. A solution of
104.1 g (0.35 mol) of 2,N-dimethyl-N-(3,3-diphenylpropyl)-1-amino-2-propanol (1),
prepared as described in US Patent 4705797, in 105 ml of anhydrous dichloromethane
was then added dropwise over a period of about 15 minutes at -10 to 0°C. After
stirring for 3 hours at 0°C and standing for 18 to 20 hours at ambient temperature, the
solvent was evaporated off in vacuo and the residue was dissolved in 3500 mt of ethyl
acetste. The organic solution was washed -sequentially with a satarated NaCl solution
(700 ml), 10% Na,CO5 (700 ml x 5), saturated NaCl solution (700 ml), 1N HCl (700
ml x 5) and saturated NaCl solution (700 ml). The organic layer was separated off,
dried over anhydrous Na;SO, for 30 minutes, filtered, treated with 23 g of carbon and
re~filtered. The resulting solution was then concentrated in vacuo to a volume of about
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one litre and sceded with lercanidipine hydrochloride crystals, Afier standing for one
day at 0 to 5°C, the solid was filtered and re-crystallized from absolute ethanol to give
179.5 g (78% of theory) of lercanidipine hydrochloride with a melting point of
186-188°C. I ' '
e

EXAMPLE 2

Stability at 100°C in light

Samples of anhydrous lercanidipine hydrochlaride, prepared as described in Example
1, and lercanidipine hydrochloride hemihydrate, prepared as described in US Patent No
4705797, were heated at 100°C for 48 hours. The samples were checked at 0, 24 and
48 hours by HPL.C analysis using the following conditions:

Column: m-Bondapak C-18 (Waters), particle size 10 mm, 300 x 3.9 mm
internal diameter.

Eluant: CH1CN (61%) : 0.15 M NaClO, aqueous solution brought to pH 3
by adding HC1O, (39%), (v/v)

Elution: isocratic

Flow: 1.5 ml/min

Temperature: 25°C

Detector: UV (240nm)

Attenuation: 0.05 AUFS

Under these conditions, the retention time of lercanidipine HC] was about 7 minutes.
The results are reported in Table I.

HPLC purity (%)
24 Hours

It is clear that the anhydrous form of lercanidipine hydrochloride is remarkably more
stable than the hemihydrate.

!
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EXAMPLE 3
Stability at 40°C and at 60°C under 75% Relative Humidity in the dark

Samples of the two different forms of lercanidipine hydrochloride, as identified in
Example 2, were placed in open polyethylene bags inserted in open glass flagks kept at s
60°C under 75% relative humidity. The samples were checked for hygroscopicity,
determining water content by the Karl Fisher (K.F.) method at 0, 8 and 15 days. The
experiment was repeated at 40°C under 75 % relative humidity. The results are reported

in Table 11,

8 Days
0.85
4.00
0.30
3.14

The anhydrous form of lercanidipine hydrochloride is clearly less hyproscopic than the
hemihydrate,
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CLAIMS

1. A process for the preparation of methyl 1,1 N-trimethyl-
" -N-(3,3-diphenylpropyl)-2-aminoethyl 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-
--pyridine-3,5-dicarboxylate (lercanidipine) hydrochloride, the process comprising:
a) halogenating  2,6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-dihydro-
pyridine-3-carboxylic acid with a halogenating agent in an aprotic solveat;
b) adding 2,N-dimethyl-N-(3,3-diphenylpropyl)-1-amino-2-propano] dissolved in
an aprotic solvent to the resnltant acid halide; and
c) isolating the resultant lercanidipine as its anhydrous hydrochloride.

2, A process according to claim 1 wherein the halogenating agent is thionyl

chloride, phosphorus pentachloride, phosphorus trichloride, phosphorus oxychloride or
oxalyl chloride.

3. A process according to claim 1 or claim 2 wherein the aprotic solvent in which
the halogenation is effected is chloroform, dichloromethane, dichloroethane,
chlorobenzene, 1,1,1-trichloroethane, ethyl acetate, methyl acetate, tetrahydrofuran,
dioxane, dimethylformamide, dimethylcarbonate or a mixture of two or more thereof.

4, A process according to any preceding claim wherein the aprotic solvent used to
dissolve the 2 N-dimethyl-N-(3,3-diphenylpropyl)-1-amino-2-propanol is chloroform,
dichloromethane, dichioroethane, chlorobenzene, 1,1,1-trichloro-ethane, ethyl acetate,
methyl acetate, tetrahydroforan, dioxane, dimethylformamide, dimethylcarbonate,
toluene, xylene, an alkane having from 5 to 7 carbon atoms, a cycloalkane having from
5 to 7 carbon atoms or a mixture of two or more thereof.

5. A process according to any preceding claim wherein the lercanidipine is isolated
by crystallization.

6. A process according to claim 5 wherein the crystallization is carried out in two
successive steps, alternating aprotic and protic solvents.

7. A process according w0 claim 6 wherein the sprotic crysallization solvent is
ethyl acetate, methyl acetate or acetone.



WO 96/35668 ' ' PCT/EPIGNIIR
-8-

8. A process according to claim 6 or claim 7 wherein the protic crystallization
solvent is- one or more of methanol, ethanol, n-propanol, i- , D-butanol,
s-butanol and t-butanol, optionally in admixture with water,

9.  Anhydrous methyl 1,1,N-trimethyl-N-(3,3-diphenylpropyl)-2-amincethy]
1,4-diliydro-2, 6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate  hydrochlaride
prepared by a process according to any preceding claim, and having a two-degree
melting point within the 185 10 190°C range.
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Summary

Absiroct Lercanidipine Is 1 vasosclective dihydropyridise calelom sntagouiat which

causay sysicmic vasodilation by blocking the 1sflux of calelum lons
L-type caiclum channels in cell membranes. Il is o bhighly lipophilic drug and as
such hay a slower oumet and longer durstion of action then & nomber of other
calcium sntagoniss. Preclinical evidance suggests that lercanidipine has safi-
utherogenic potental and it may also protect againat cnd-orgon damage.

In wetl controlied clinlen! sindies, once dally administration of lercanidipine

10 &r 20mg effectively reduced biood prestore (BF) compared with placsbo In
patients with mild tv modarile without affecting heart rwe. Re-
sponse rate (percestage of patients with diastolic BP £90mm Hg or reduced by
210mm Hg from basline) ranged from 50 to 66% with lercanidipine 10 mg/day
snd mp to 86% with jorcmnidipine 20 mg/day. The drug had a long duration of
action: ckinical measurements for diastalic RP ylalded s trough/peak ratio of >0.3
for both lercanidipine dosages In | study. Comparuiive triala, either publishad in
full or as abstracts, found lercanidipine 10mg ance daily for 24 weeln to be at
least us effective s stenolol 30mpg once daily, candesartan ciloxatil 16 mg/day,
Wlun'whddly.uﬂnp-llmmwy hyédrochlcrothiszide 12.3mg
once dally, irbesartan | 50 mg/day and slow relesse nifedipine 20mg twice daily
in poticnis with mild to moderate hyperteation. In addition, lercanidipine 20
mg/day was as effective a3 amlodipine 10 mg/day.

Lercanidipine is effecilve In the treatment of ciderly patients (aged 60 10 83
yoars) with mild to moderule essontinl and In those with isolated
systolic hypertension. In addition, monotherapy with lereanidipine 20 or 40
mg/doy hos showa efficacy in parients with severe hypertension, and add-oa
therpy helped controt BP ina large of patlents with severs hypaten-
sion oot responding sufficiently 1o dluretles or ACB inhibjtors. Un-
published data indicate thet the drug reduces blood preasure in patients with type
2 (oon-inzulin-depandent) diabetes mellitus, without adverscly affecting glucose
homecstasls.

Lercanldipine was well tolermiad In clinieal trials, with most treatment-related
adverse evens typical of dibydropyridine culclum untogoalsts, namely headnche,
flushing, dizziness and ankle oedema,

Conclusions: Lercenidipine Is an efTective ind well lolesated once dally an-
thypertensive agint ln patients with mild to moderste hypartensios. in addldon,
the drag mey reducs BP when used m In patients with severs hy-
pertcnsion or when used sdjincrively ln paticats with reslstant hypertenaion.
Importantly, lercanidipine sppears (o be at loast as efTective and well tolerated a3
other commonly nsed antihypertenzive agenta. The drug tharefore represents a
zaefy] therspeutic optlon In the management of patenty with hypartension and
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will be particularly useful in patients not responding to, or intolersnt of, ant-
hypertensive agents from other drug clrsses,
Pharmacodynomic Lercunidipine Is a thind peneration dlhydropyridine calcium antagonist with a
Propetties bulky bir-phenylalkylamine side chaln. The drug reversibly blocks voltage-
dependent Cad+ influx through L-type chaanels in cell membeanea, and the sub-
sequent peripheral vasodilation leads to & reduction in blood pressum (BP).
Lercanidipine is highly lipophlilc, and as such has u slowsr onset and longer
duration of action than a nomber of other drugs in ita class. Furthermor, the drug
is vawoaelective sod has shown less in vitre snd in vivo negative inotrople eetivity
than some other dibydropyridines, Including nitmendipine and fedodiplne.
Resulis from preclinical studies indicate that lercanidipine has antistherogenic
potential independent of its BP-lowering effects, and may protect againat
end-argan dumage. Impormly, the drug does not interfers with normal aardliac
cxeitation and condaction when used at therapentic dosages in patients with

hypertension.
Fharmacokinefic Maximum plasma concentrutions (Cops) of S-lercanidipine, the enantiomer ro-
Propaities spotuible for the ectivity of racemio lercanidipine were reached =2 to 3 hour

afior oral administration of lercanidipine 10 or 20myg in 12 patents with mild to
moderste hypertonsion. Plasma Jevels and the area under the plasma concentra-
mm {AUC) were not linearly related lo dase, indicating ssturable

The presence of food Increases lereanidipine shsorpilon, henee the recommen-
tdation that larcenMipine be tokan befare meals.

brenes In the arterlal wall beconay of its bulky bis-phenyl aide chain. The drug is
highly (>92%) bound to plaama proteins.

Alter oral sdminlstration lercanldipine undergoes exiensive fint-pogs mets-
bolism (primarily by cytochrome P4S0 3A4) v largaly fnsctive metabolites.
=509 of an aral dose of [14C]larcenidipine was eliminated in facces snd 4% in
urine (mostly as metabolites), The drug appoars 1o have & biphasic elimination
pratile, with terminal elimination haif-lives of 2.8 t0 3.7 hows (first phese} and
10.5 hours.

The bloavallability of S-lercanidipine after or) lercanidiping is 2ot affected
by age or cirrhosis but accumulation has besa reported in patienia with szvery
reaal dysfunction. Dosage redaction is therefore recommaaded in this patiens

group.
No significant pharmacokinetie interactions have been reported between
lerconidipine and midazolam, metoprolel, eimetidine or medidigoxin,

Therapeufic Efficacy Lercanidipine 3 to 20mg once dpily for 4 weeks dose-depeadently and sgnifi-
cantly reduced trough diostolie blood pressure (DBP) compared with placabo in
patients with mild 10 moderate hypertension, without affecting heart rate. Ra-
sponse ralcs (percentage of patients with DBP 90mm Hg or reduced from base-
line by 210mm Hg) mnged from 30 to 66% with lercanidipine 10 mgkiay and up
10 $6% with Jercanidipine 20 mg/éay. The eiTeets of jercanidipine 10 and 20mg
were sustnined Shroughout the 24-hour dosage interval; 1 siudy found that both
dosages yiclded s DBP trough/peak ratio 0.8,

Published studies {or shatracts) have ahown that leveanidipine 10mg onee daily
for 4 weeks is at least as ciffective in potients with mild to moderale essentia)
hypertension as & number of other antihypertensive drugs, including amnolal
S0mg once dally, candesarton cllexetll 16 mg/day, caplopril 25mg twice daily,
enalapri! 20 mg/day, hydrochlorothixzide 12.5mg once dally, kibeawrtnn ! 50 mg/day

© At imumationsd LimBad. AD dghts sssrvadd Drage 2000 Now; 80 00
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and slow release nifedipine 20mg twice dally. A bigher dosage (lercanidipine
20 mg/iday) had antihypertensive efficacy similar 10 that of amlodipine 10
mg/dsy. Stadies of lercanidipine ]0mg once dally which permitted dasage titra-
tion to lercanidipine 20mg once dally after 4 weeks In aonresponders found that
normallsation eates were higher it week 8 than week 4.

Monotherapy with lercanidipine 20 or 40 mg/day effectively reduced BP in
the majocity of patients with severe hypertsnsion in 1 study. Farthermore,
lereazidipina 10 to 30 mg/dey was effective add-on tharapy In patlenta with
hypertenrion not responding sufficlanity to B-blockers, divretics or ACH Inhibi-
tors.

Lercanidipine is effective in the treatment of mild to modarate essantial hy-
pertantion or laolated sysiolic hypertension In alderly patients {aged 60 o &3
yearn). The drug also demonstrated antihypertansive efficacy In patients with
type 2 (non—losolin-depandent) diobetas mallitup but these data have yet 10 be
published.

Tolerchillly Lercanidipine was well tolerated in clinical trisls, with most trestiment-amergent
adversc events relsted to vasodSiation. A poaled analysis of data from 20 cliniesl
trials involving almost 1200 patisats with hypertension found thas 11.8% of
lereanidipine 10 or 20mg oncx dyily reciplents compared with 7.0% of plaoebo
reciplenis reported adverss cvents, the most common being headache, flushing,
wsthenla, vertigo, palpitstions and ankle cedema. Approximately S and 3% of
paticats In the respective grovps withdrew becsvie of poor wolerabllity.

Two postmarketing surveillance studies involving a wta] of 96035 patlenta
with hypertenaion have confirmed that lercanidipine is well toleratad in clinlcal
practice.

Evidence suggests that the crug is weil tolerated in the clderly, and when
edministered long term (1 yesr). In addidon, the drug was well tolerated with
regard to BOG parameters in clinica) trials,

Comparative trials have shown that lercanidipine 10 or 20 mg/iday In as well
tolerased oz captopril 30 to 100 mg/day and aionolol 50 or 100 mg/day, although
the tolexabllity profiles of thess agents differed slightly.

Az absiract repart of a stady In patients who bad reportad sdverss vasodilatory
offects while taking amlodipine, alfedipine GITS (gostroinmstinal therapsute
system), felodipine or niirendipine showed that, after switching to lercanidipine
101020 mg/day for 1 manth, the prevalence of culf oedema (from 94.8 to S1.4%),
headache (from 38 to 18%), fivshing (from 35 to 17%) and skin rash (from 38 to
18%) decroased slguificantly,

Dosoge and ©Oral lercanidipine Ls Indicated in Europe for the treatment of mild to moderate

Adminlshation hypertension for which the recommended Jnitial daaage is 10mg once dally at
leant |5 mizutos before meals. In patients with an inkia! unsadsfactory responss,
dosage titration to 20 mg/day should be doae gradually.

Special care should be exercised when Inliisting treatrnent with lercanidipine
in the clderly or patients with mild to moderats rensl or bepatic dysfunciion,
slthough dosags adjustments are not reqaired in such patiants, Uze of lercanidip-
ins Is contrelndicated In patienis with sovere hepatic or renal (creatinine clearance
<10 ml/min).

9 Ach inlamaliongd Limilec. All dghis reserved. Orugs XX Nov: 40 (D



Leramidipine A Review

1. introduction

Since their introduction, coleinm entagonists
have been widely used for the eatment of cardio-
vascular disease, particularly angina pectoriz, ar-
rhythmlas und hyperiension.!!! Thelr beneficial ef-
fects are related to systemic vasodilation, eansed
by inhibition of the inwurd-flow of calcium lons
through the L-type calcium channel.?) Three main
types of calcium antagonists, classified according
10 chemical structure, ore used In the treatment of
hypertension: dlhydropyridines, benzothlazepines
and phenylalkylamines.! Lercanidipine (fig. 1) is
& third generation dihydropyridine calclum antag-
oniat with n bulky bis-phenylalkylamine side chaln
which meakes it more lipophille than most other
druga in its class, including umlodipine, nitrendip-
ine, Isrudipine and nimodipine (but similar to
Incldlpine).!) Thia review evaluates the pharmaco-
logical properties of lercanidipine and its efflcacy
and tolerebility in the treatment of patients with
hypertension.

2. Phamocodynamic Profile

Lercanidiplne Is a racemic mixture of R- and
S-lercanidipine. An In vitro binding displacement
study showed that the S-ensntiomer of lercanidip-
{ae had 100- to 200-fold greater affinity than the
R-cosntiomer for the L-type caleiom channel.¥l
Consistent with this finding, the pharmacodynamic
effecta of iercanidipine are primarily produced by
the S-enantiomer.!%?l The main pharmacodynamie
properties of the drug are listed In table L

2.1 Recaptor-8inding and in Vifro Properties

Lercanidipine reveraibly blocks vollage-
dependent Ca?* influx through L-type channels In
the ce!l membrane, (3891 Iz vitro studles in isolated
rat aortic stripsi®¥ have shown that, consistent
with its high lipophilicity (and hance ready acco-
muulstion in and slow diffusion from cell mem-
branes; acction 3.2), the drug has a alower onset
and longer duration of action than most other drugs
In Its class (table IT). Similar effects were observed
in K*-contracted isolated rabbit worta: lercanidip-
ine had an onset of relaxunt activity comparable to
that of amlodipine and lacidipine but slower than
that of nitrendipine and felodipine.!'®

The drug bas only weak in vitro affinity for
sodium binding sies, poor affinlty for &;-adreso-
cepion, dopamine Da receptors and serotonin 5-
HT; recoptors. and negligible affinity for az- and
p-adrenoceptors, muscarinic receptors and seroto-
nin 5-HT), receptora.™ Purthermore, lercanidipine
does not appear to affect candlac potassiam cor-
rents In human ventricular myocytes. 1201

2.2 Hoemodynamic Effecty

Preclinical evidence/ST! has shown that the
blood pressure (BP)-lowering effects of lercs-
nidipine occur via peripheral vasodifation. In an-
aesthetised open-chest dogs, the hypotensive effects
of intravenous lercanidipios 3 to 30 pg/kg wore
associated with a reduction in total peripheral and
fernoral vascular resistance but no significant change
in heart rate (HR).8} Peak increases in femonl

Tebis L Mwsmecodyneric properfies o lsrcanidipine
Aaversbly bocks vollage-tapencant Ca™ intiux inrough Ldype
channals In call mambreng® A5

Biow arset and long dursiion of §n wiro activity carnpered with
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blood flow induced by intravenous lercanidipine
30 pg/kg (134%) were greater than thoss induced
by the same dosages of aifediplns (20%) and
nitrendipine (24%).19

In conscions Instrumented doga,!” lntravenons
lecnidipine 10 pg/kg significantly reduced mean
BP, otal peripheral resistance and coronary resis-
tance by 11, 34 and 41%, respectively (all p<0.001
vz buseline). Corresponding increases jn both
coronary blood flow (+:64%; p < 0.001) and i
ventricular contractility index (dP/dt, +21%; p <
0.05) were cobserved.l

2.3 Vascular Selectivity

Ab in vitro studyl!% has shown lercanidipine to
be more vasoselectivo than various other calclom
antagonists: the Csp (concentration caualng 50%
inhibition of contractility) ratia for leccaaidipine In
isolated nibbit curdiac versus vascular tissue incu-
bated for 4 hours was 730. This was bigher than
that reparted for amiodipine (95), felodipine (6),
nitrendipine (3) and lacidipine (193) in this mode] I

In nccordance with its vasoselectivity, lerca-
nidipie has demanstrated weak negative Inatropic
activity In vitro and in vivo compared with other
calciom smngonisis. In electrically stimulated mbbit
ventricular tissue, the negative inotropic activity of
lorcanidipine was 857-fold weaker than that of
felodipine and 687-fold weaker than that of ni-
trendipine.!1) In anpesthetised doge, intravenons
lercanidipine dose-dependently reduced diastolic

© Aty indeeclianal Umilact. A ights saarved.

BP (DBP) without impairing cardiac contractll-
fty 111311 The effects of both nitrendipine and nifed-
ipine on BP In this modal were similar to those of
lereanidiplne, but their effects on cardiac contrac-
tility were less favourshie !1!!

In conscious rabbits, the BP-lowesing effects of
Intravencus lercenidipine were associsted with
significant improvement in cardiae contractll
{p < 0.01 wr pretreatment vajues).\!3

2.4 Antiatherogenic Effect

Results from preclinical studies indicate thal
lercanidipine has antiatherogenic potential inde-
pendent of its BP-lowering effects, Lercanidipine
10 to S0 pmol/L. concentration-dependently Inhib-
fted replication and migration of arerial myocytes
in vitro and inhibitd fibrlnogen-induced myocyte
migration "3 Ths antiproliferative potency of
lercanidipine was similar to that of nifedipine and
lacidiplne.t1an )

Compared with untrested controls, subcutane-
ous lercanidipine 0.3 w 3 mg/kg/week for 10 weeks
significantly delayed the development of fatty
streaks (Inducad by cholestorol feeding) and hyper-
plastic lesions {induced by positioning a hollow
sitaatic collsy around an artery) in the carotid arter-
jes of hyparcholesterolaamic rubbies. 12 The
of lercantdipinc appenred 10 be independent of |
calclum anmgonistic activity.

Although the antiatherogenic properties of
lercanidipine have not been investigated clinically,
the drug demonstrated noutral effects on Hpopro-
tain and spolipoprotein profiles in patients with es-
seatia] hypestension in a 24-weck clinical trial
(section 4.1.2).521

2.6 Enc-Organ Protoction

Preclinical data indicale that the drug may pro-
tect the kidneyy! 15341 gnd braln!!€!in spontaneously
hypertansive rats (SHR) and may reduce ths inci-
dence of cerebral stroke and leRt ventriculer (LV)
hypertrophy compared with controls in sali-fed
SHR.!" In addition, abstract reports of 2 clinical
studies suggest that the drug can reverse LY byper-
trophry in patients with hyperiansion and L'V hyper-
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trophy. Administration of Jercanidipine 10 or 20
mg/day for 1 year reduced LV mass by a larger
smount than losartan potassivm 50 or 100 mg/day
(-18.6 ve =2.9 g/m?; p = 0.037) in 47 evaiuable
paiients with hyperiension, type 2 {non-insulis-
dependent) dipbetes mellinia and LV hypestrophy.I'S]
Secondiy, 6 months’ trestment with lercanidipins
cauted » reduction in LV maas similar (o that seen
with enalupri] (neither dosage reportad) In 42 pe-
tieats with hypertension and LV hypertrophy.!™
Most of these end-organ datu (particularly the clin-
ical findings) muat be intecprated with caution be-
cansc they have yet to be published In full,

2.4 Other Effects

Lareanidipine does not interfere with normal
cardlac excitation and conduction when used a1
thesapeutic dosagea in patients with mild to mod-
emie exsential A randomised, double-
blind pilot study in patients with mild to modersto
hypertanaion demonairated that 2 weeks® treatment
with lercanidipine 20mg once daily (n = 18) had
no tignificant effecta on QRS duration, or PR, QT
a0 QT intervals. |3 In additlun, lercanidipine had
no effects on the types of cardisc wrhythmi
presont in these patients. The effects of lescanidi-
pize were gensrally similar to those of sustained

release (SR) verapamil 240mg once daily (n = 19),
although veraparnil tended 1o prolong the PR in-
terval 2l

A wudy (presented as an abstract)i#¥ hae re-
ported that lercanidipine has Jess oedematous po-
tential than nifedipine GITS (gastrointestinal they-
apeutic system). 60 patients with mild to moderats
hypertension were randomised to recelve sither
lercanidipine 10 w 20mg once daily or nifedipine
QITS 30 wa 60mg once dally for 12 weeks. Both
drugs incremsed ankis-foot vohamms from baseline
after 12 weeks (p<0.05 and p<0.01 for larcanidip-
Ine and nifedipine, respectively) and pretiblat sub-
culsnoous tissue pressare (both p < 0.03). How-
ever, values for both parameiera o week 12 wers
lower Iz lsrcanidipine than nifedipine QITS recip-
iexita (p < 0.05). Increazas in both groups were in-
dependent of the clinical presence or abssnce of
oedema.

3, Phamacokinetic Profle

The pharmncokinetics of lercanldipine have
beon examined io healthy volunieers, in elderdly
and nonelderly patients with hypeviension, and in
patients with reoal or hepatic impairmant (table
III). Moat of the human data revicwed in this sec-
tion were reported by Barchielli etal.l*”! from data

mnmwmum—muﬁuudmwuum;mwwm
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Nanelderly jmeen age 40 years; n = 12) 1% <0 (1] 13 485 s N am
Exady (maan age 08 yoary; ns 19 (1] 21 75 o8
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on file (Recordati). Because the anthypertensive
effects of lercanidipine ar primarily ascribed o
the S-enantiomer (scction 2), this section focuses
on the pharmacokinetics of S-lercanidipine, Inter-
conversion of the snanliomers has not been ob-
served in vivo 1281

3.1 Absorpfion

After oral edminisiration of lercanidipine 10 or
20mag in 12 patients with mild 1o moderate hypes-
temion, maximum plusma concentrations (Cpg) of
S-lercanidipine (1.75 and 4.09 pg/L, respectively)
were reached in =2 to 3 hours (table 1), Plasma
levels and the area under Lhe plosma concentration-
time curve were not linearly related to dose, indi-
cating & saturable fini-pass metabolism,

The sbsorption of lercanidipine increases in the
presence of food: Cay, for S-lercanidipine after s
single doss of lercanidipine 20mg Increased from
3.20 g/t when fasting to 1021 pg/L. oftera high-
fat meal o 12 healthy voluntoers, BT Heace the rec-
ommendation that lercanidipine be taken before
meals (section 6).

3.2 Distribution

Lercanidipine 2rag had a volume of distributlon
of 2 to 2.5 L/kg in healthy volunteers afier a 18-
minute Intravenous infusion 57 Because of v
bulky bls-phenylalkylamins side chein, lercanidip-
ine readlly accumulates in the Jipld bilayer of cell
membranss in the arterial tssue wall compart-
ment.'" The drug appears to undergo a high degres
of plasma protein binding (>98%) in bumans. &7

3.3 Metabolsm and Elmination

Orally administered lercanidipine undergoes
extansive first-pass metabolism, primarily by cyto-
chrome P450 (CYP) 3A4,/™ 10 pyridine deriva-
tives which are Jargely inactive,}37] Afiar admils-
tration of & single orsl dose of [!“Cllarcanidipine
20mg in 4 healthy volunteers, »50% of the dose
was eliminuted in facces and 44% In usine, mostly
as metabolites.??) Terminal elimination haif-lives
(tup) of 2.8 to 3.7 hours have been reported in

© Aths inteeniliang Umiiecl. Alights wed.

healthy volunteers and patients with hyperien-
sion.!371 In » siudy In patients with angins pectods
that uaed & more sensitive assay, the typ of lercs-
nidipine 10 and 20mg was 8.5 and 10.5 hours (tabie
NN} The dircropancy between the 2 ranges may
be due to & biphasic slimination profile.f)

3.4 Special Potient Populations

The bioavailabllity of S-lerconidipine after sip-
gle oral administration of lereanidiplae was not of-
feeted by sge or cinhosis (tble [11).%7 However,
accurmiation of S-lercanidipine was reporied In
pasients with severe renal dysfunction undergoing
regular dialysis: afterrecelving lercanidipine 20mg
once daily for 7 days, Coge Yalnes for S-lercanidip-
Ine increased from 5.95 ug/L on day 1 (table IIT) to
9.17 pug/L on day 7.971 The drug is conirsindicated
in patienis with severe renal or bepatic dyafonction
(section 6),

3.5 Potendial for Drug-Orug inferactions

In visro evidence suggested that clinically rele-
vani concextrations of lercanidipine canse minimal
inhibition of CYP3A4 and CYP2DS6 lsozymes in
hepatic microsomas,”!! This was confimed in
vivo, whare the drug had no significant effects on
the metaboliam of coadministered midazolam (a
mbstrate of CYPIA4) ar metoprolel (CYP2D6)in 12
heaithy voluntears.® In addition, no significant
pharmacokinetic intaractions wero reported between
lercanidipine 20mg smd steady-siste cimetidine
400mg twice dally (an Inhibisor of CYPZC/10) In
12 healthy volunleers or between lercanidipine
20mg and steady-state metildigoain (B-methyldig-
oxin) or digoxin in {0 women with cardiovascular
digease.?

In spite of the lack of evidsnce of clinically rig-
nificant effocts on CYP-mediated metabolism, the
manufactorer advises that caution be exercisad
when lercanidiping /s administered concomiuntly
with inhibitors, inducers and other substrates of
CYP3AA4 (section 6).78
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Table N. Rerciomised, double-biind, reraliel-group doss-ranging shudies of lsroanidipine (LER) In patiants with miid o modemis
W‘M“mpﬂhﬂmﬁ“ﬂmﬁﬂﬂ
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4, Therapeutic Efficocy

The therapeutic efficacy of lercanidipine has
been evaluated in & number of well designed dose-
sanging and comoparstive suxties in putients with
varylng degrees of hypertenslon. All studies re-
parted in this review were randomised and double-
blind unjess stated otherwise.

The efficacy of the drug has primarily been In-
vestgared in patients with mild to moderate hyper-
tenxion, generally defined as DBP between 95 and
115mm Hg sz the end of 3 3-week placebo run-la
period {BP limits varisd slightly in soms stodies).
In addition, | nonblind study asseased tho cfficacy
aof lercanidipine In patients with severe hypertsn-
sion (DBP 2110mm Hg), W | assessed its uss s
add-on therapy in patients with resistant hyperten-
sion (DBP berween 100 and 119mm Hg desplio
monotherapy with atenclol, analapril or hydro-
chiorothiazide/ amiloride)*¥ and 1 stody evaluated

© Ak iasndlionsl Lnied. Al D shiswe.

ils uge in patients with isolated systolic hyperten-
sion (syswolic BP 2160mm Hg and DBP <93mm
Hg)P4

Al stodics included patients aged between 18
and 70 years, with the exception of 2 studies which
evaioated the use of lereanidipine in the sldedy
(aged 60 to 85 years).346¥I

In patienta with mild to moderate hypertension,
any previous antihypertensive therapy was naually
withdrawn ut least 2 weeks prior 1o the placebo
yun-ip period, but studies of severe or reslstant hy-
pertenaion employed a reduced washout pesiod (<1
week) for ethlcal reasons.

Lercanidipine was administered orally once
dally, usually as a 10 or 20 mg/day dosage. In stud-
ios where the efficacy of lercanidipine was com-
pered with that of sgents which were adminisiered
twice daily, a double-dummy epproach was em-

ployed.
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BP roduction after 4 weeka was the primary end-
point [n most studies of mild 1o moderate hyperten-
sion, despite study durations generally ranging
from 4 to 16 weeks. Secondary end-pointa included
the number of responders (usually defined as pe-
tients with DBP S90mm Hg or reduced by 210mm
Hg from beseline) and normalisation rutes (DBP
£90mm Hg). Where stated, BP was messured in
the suplne or sitting position »24 hours afier the
|ast doee (trongh). Exclusion erlteria included con-
ditions such s secondary hypestension and major
heart disease.

4.1 Miki to Moderate Hypertension

451 Studies

Onco daily larcanidipine 5 to 20mg significantly
redeced BP compared with piacebo In patienis with
miid to moderate hypertension, withom affecting
HR.

In dose-ranging studies®-39 reported in table
IV, lereanidipine 5 to 20mg once dally dose-de-
pendently -and significantly (p < 0.05) reduced
trough DBP compared with placebo ln patients

Pocete l.‘ﬂm-ﬂm
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E
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Fig. L. Efiscta ol lssnidipine (LER) on daytime and righs-time
D8P, 105 evaluabis patients with miki i modersis ypenension
mcaivad piscebo (L) or lereenidipine .5, 6 er 10mg ance dally
for 4 wesla n & rancomised, couble-bhing siurly #1 DEP wad
assestad by swbulsicry biood pressure mankoring. deytime «
O700-2200n; DB = dissiolic biood prossuss; righl-lme » 2800~
0700k * p < .07 wo baselne: T p « D.0F w PL.
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with mild 1o modersic hypertenslon treated for 4
weeks; lercanidipine 2.5 mg/day bad no significant
effecta. Normalisation and response rates after 4
weeks were also dose-dependent, with response
rates ranging from S0 10 66% with Jereantdipiae 10
mg/day and up to 86% with lercanidipine 20
mg/day. Lercanidipine had no significant effecth

Ambulatory BP monitoring of 105 evalushls
patients pacticipating in a study by Omboni et 1.5
showed that the effecta of lercanidipine 10 mg/day,
but not those of lercunidipine 2.5 or 3 mg/day, were
sustuined thronghout the 24-hovr doxzing Intecval
(Ng. 2). This long duration of action was confirmed
by another study%! which foond the drug to have
a DBP trongh/pesk ratio >0.8 after & 10mg or 20mg
once dally dozage.

In the only Jong lerm studyi! of Jercanidipine
published 10 dats (n = 203), the antthypertensive
effect of lercanidipine 10 to 30 mg/day was sus-
tained for 12 months. However, this stody was non-

blind and noncomparative and Its findings there-
fore require confirmation.

4.1.2 Compavizons with Other Anlihyperiensives

Four weeka® treatment with lercanidipine 10mg
once dally waz st lcast us sffective us atenolol
50mg once dally, 9 captopril 25mg twice defly i¢!]
hydrochiorothiazide 12.5mg cnce dally™! and nifed-
ipine SR 20mg twics dally,!) and a 20 mg/day
dosage was as effective as amlodipine 10 mp/day, 11
in patients with mild 10 moderate hypertension, All
agents reduced mean BP significantly from base-
line (table V). Studies which permitied dosage 1}
trotion (within the therapeutic dosage range) after
4 weeks |n nonresponders found that normalivation
rates improved efter dosage tivstion in all groups,
but no aignificant between-group differences
emerged (table V).

Although requiring eonfirmation, evidence re-
ported in abstracts Indicates that Jercanidipine
10mg once dally may be as effective us eaalapril
20 mg/day!!" and candesartan cllexed] 16 mgAlay, i+
and mare effective than irbesartan 150 mg/day,f41l
in patients with mild to moderate essential hyper-
tension.



Lercanidipine A Review 1133
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mo = muliicanire; od = anoy dally; pg = parsial group: pts = paiiants; r = endominet; 5P = syaiio bicod preanre: * p < 0.0% *°p <001;
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4.2 Sgvere Hypertension

with lercanidipine 20 or 40 mg/
duy effectively redoced BP in the majocity of patients
with severe essential hypenension (DBP 2110mm
Hg ot the end of a 3- to 5-day washout perlod; n =
50) participating in an nonblind atady.P# The drug
significantly reduced mean DBP from 115mm Hg
at baseline to 93mm Hg sfter 30 days (p < 0.001)
and (o B6mm Hg after 60 days (p < 0.001) in both
groups. Twice daily administration of lercanidip-
ine tended to be slightly more effective than once
daily administration: BP was normalised (DBP
QOang)uGOdmvaaT!‘bofpnﬂmh
the respective groups, but thia between-grosp dif-
ference falled to schieve statistical significance,
Whan patients whose DBP was normalised at 60
days were followed for a further 30 days, the BP-
lowering effect of lercanidipine remained stable.

4.3 Resistant Hyperfersion

Lercanidipine 10 to 30 mg/day is effective ndd-
on therapy in patitnts with hypertonsion not re-
sponding sufficlontly to antihyperteasive agents
from other drug classes.

An unpublivhed study?®! In 241 patients with
mild to moderste hypertenslon poody controlled
(seated DBP 95 to | 14mm Hg) after 4 weaka' treat-
ment with hydrochlorothiazide 25 mg/day, showed
that the addition of lereanidipine 10mg once daily
for 8 weeks caused significant reductions in seated
DBP compared with placebo (-8.0 vs -5.9mm Hg;
p=0.0!7). However, s lower dosags of lercanidip-
Ine (Smg once dally) did not csuss a significant
reduction In BP,

The effects of lercanidipine L0 to 30 mg/day
were similar to thase of nitrendipine 10 o 30
my/day when used o2 add-on therapy for 12 weeks

In 80 pauents with resistant hypertension (DBP re-
mained between 100 and 119mm Hg despite treat-
ment with atenolot 50 ta 100 mg/day, enalupeit 10
to 20 mg/day or hydrochlorothinzide/amiloride
25/2.5 or 50/S mg/day).5 In this study, 76% of
lorcanidipine recipients and 65% of niltrendipine
recipients had DBP sS30mm Hg after 4 weeks’

I

Puliaris whh nosnalsed BP (%)
oSBEABBIABE

0 ¢ H 12
Dursiion (wesie)

ﬁ.am of wrcanidipine (LER) oome
mmmmmmmm
lhl.l-Eﬂﬂl'“'”Mﬂﬂ'ﬂ“Imw
wih slenoiol, snatsprl or hydrachiorothinzids plus amiloride n
80 patianis with DEP 100-11@mm Hg. Dossges of LER and NIT
wer {Rraind In 10mg Noremanis evary 4 wesia ¥ DEP B~
mained >80mm Hp% DEP « diasioiic blaod pressure;
normualiasd = DEP S90mm Hy.

treatment with a 10 mg/day dosage. Titration to a
20 mg/dny dosage in nonresponden at week 4, or
to 30 mg/day at week 8, resulted In further im-
provements in normallsation rates (fig. 3).

44 Special Poflent Population

Leresnidipine iy effective in the treatment of ¢l-
derly patients with mild to moderale essential bhiy-
pentension3! and thoge with jsolated systolic by-
pertension.!™!

‘When administered at 2 dosage of 10mg onoe
daily for 4 weeks io 133 eldedy patients aged 60 10
85 years with mild to moderate hypestenaion, Jer-
canidipine significantly reduced mean DBP com-
pared with placebo (response mte 59%:; table
V.99 Titration to 20 mg/day sfter 4 weeks in non-
respondars incressed the response niie to 87.5% ot
week 8; only 11 of 88 lercanidipine recipiants re-
quired titration to 30 mg/day for BP control.

In a study™! Involving 70 elderly patieats iged
(mesn age 567 years) with isolsted systolle hyper-
tension, lercanidiplas 10 or 20mg once daily for 8
weeka reduced systolic BP significantly compared
with placebo (~32.4 ws ~9.6mm Hg: p < 0.001).

The drug has alap demonstrated antthypertap-
sive efficacy In a mndomised double-blind trial in
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40 patients with type 2 diabetes mellitus and mild
1o modersizc exsential hypertenaion.¥?) Patients In
this study were randomised to lercanidipine 10mg
(n = 20) or 20mg (n = 20) for 4 weeks; the dosages
were inareased by 10mg st weok 4 in non-
respondars, Active trestment aignificantly reduced
BP from baseline at week 8, and ghucoss homeo-
staals improved overall!™ However, the findings
of this study must be interpreted with cautlon be-
cause It was not placebo-controlled and has yet to
be published.

6. Tolerobilly

Lercanidipine was well tolerated in clinical tri~
als, with most treatment-emergent adverae evenla
related to vasadilation. A pooled analysis of data
from 20 clinical trlals involving almost 1800 pa-
tients with hypertension found that 11.8% of
lercanidipine 10 or 20mg ance daily reciplents (n
= 1317) compared with 7.0% of placebo recipienty
(n = 227) reporied adverse cvents: »5 and 3%, re-
spectively, withdrew because of poor tolerability.
‘The most commonly reported events were head-
ache, flushing, asthenia, vertigo, palpitations and
ankie oedema (fig. 4).18

Two poatmarketing surveillanoo studiest*®-501
involving a toml of 9605 patients with hyperten-
sion have confirmed that Yercanidipine is well tol-
ersted in clinical practice. A preliminary repart
from the larger stody (presented as an sbatract)¥?l
showsd that adverse events were reported in 7.6%
of 7469 patienty with mild 1o moderate hypeyien-
sion who recnived lercanidipine 10 or 20mg once
daily for 3 months. The most freqoently reported
svenis were headache (2.7%) end ankie cedamg
(1.1%). In the smaller study (n = 2136), also re-
ported as an shatract, i3 122 petients (3.7%) -
ported adverse events with lercanidipine [0
mg/day, the most common being headache (1.2%),
ankie oedera {1.2%) und skin rash (0.9%).

Lercanidipine appears to be well wolerated in the
elderly. Io & sindyl™! that enrolled 144 elderly ps-
tients, between 8 and 119 of patients receiving
placebo or lercanidipine 10 or 20 mg/duy for 4
weeks roported adversc events (necensitating with-
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Fig. & Advernss svan’s reported with lsroanidiping (LER) In 20
clinioel sl (pocied deie). Pellerits in thass endomised, doutle-
blired irisis recalved LER 10mg oncw dally (n= 1128), LER20mp
onos dally as & staning dose {n = 130}, LER 20mg onoe delly
&8 & tiraded doss (n= 460) o plsoebo (PL; h = 227) lor belween
1 and 52 woslo™

drawal in =4% of patients In each group). Most
adverse events in this study were miki to moderaie
and were related 10 the vasodilatory sctlon of the

The Lolerability profile of Jercanidipine 1010 30
mg/day has also bees reported in » long term (]
year) study.®™ Again, most adverse events were
ralated to vasodilation but geaernlly resvlved dur-
Ing treatment or after drug withdrawal.I™

Consistenl with datn published In section 2.6,
lereanidipine was well tolerated with regard Lo
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ECQ parometers in dinlcal trials; few clinleally
significant events were reported, P-0.8-0.48

5.1 Companisora With Olhexr
Anfhyperiensiva Agenh

Well controlled ¢iimical trials have shown that
lercanidipine 10 or 20 mg/day is as well tolcrated
as captopril 30 to 100 mg/dayi*!l and atenolal 50
or 100 mg/day, 10l aithough the tolerability profiles
of these agents were cousisent with thelr drug
class and therefore ¢ ffered alighty.

When compared with the calclom antsgoniss
nitrendipine (10 or 20mg once daily)™ and nifed.
iplne SR (20 or 40mg twice dally),’ once dally
tdministration of lercanidipine 10 or 20mg for
1200 o¢ 1642 woeks was astociated with o lower
incidence of adverse events snd fewer withdraw-
als, alihough' the between-gronp differences did
not achleve statistica] slgnificance. All 3 calciam
aotagonista caused adverse vasodflation, but |
study foand that Jereaaidipine (n = 64) was better
tolerated then nifedipine (n o 66):4 vy 14 vasodila-
tory cvents wers tsporied in the respective
groupa bl

In lins with these comparative data, an absteact
report!) of a study in 115 paricats who had re-
ported sdverse vasodilation while taking a di-
bydropyridine calclum antagonis (amlodipine, ni-
fedipine QITS, felodipine or nitreadipine) showed
that, efter switching to lercanidipine 10 to 20 mg/
day for 1 month, the prevalencs of these adverse
evonts was significantly reduced: calf codems
from 54.8 0 51.4%, beadache from 38 o 1A%,
flushing from 35 to 17% and skin rash from 38 ©
18%; ol p < 0.001.

6. Dosoge ond Adminkirofion

Omnt lercanidipioe is used In Europe for the
trestment of hypenansion. In the UK, the drug §s
indicated for the treaumsent of mild to moderate hy-
penension for which the recommended initial dog-
age Is 10mg once dally et lcest 15 minutes before
meals (to enhance absorption, section 3.1). /M It
may take 2 weeks before the maximal antiyper-
bensive effect is apparent, thos dosage titation 1o

© Acls infernalionot Lisilect, Al ighls mesrved.

20 mg/day In patients with an inltial unsatiafactory
reaponss shoold ba doue gradually, ™l

Dosage adjustments are not mquired In the el
derly or patients with mild to moderste renal or
hepatic dysfunctloa, although the manufactarer
recornmends that special care be excrcised when
initiatlag eatment with lercanidiploe in sech pe-
tieants. Use of lercanidipine is contraindicated In
patients with scvere hepatic or yenal dysfunction
(creatinine clearance <10 ml/min, section 3.4).78

Use of lercanidipine is also contreindicated dur-
Ing pregnancy and lactation, in women of child-
besring potential unless affective contraception is
used, patients with LV outflow trect obstruction,
ontrested congeative hoart failure, unstable sngioa
pea:;lilurwlﬂnhlmthdamnmdill infarc-
ton,

The manufactarer advises that until fusther evi-
dence Is avallable, great cantion should be exer-
cised when lercanidipine is administered oon-
comitantly with inhibitors (e.g. ketoconaxole,
itraconazole, erythromycin and flucxetine), indue-
eza [e.g. phenytoin, carbamazepine and rifampicin
(rifsmpin)] and other substratea (v.g. terfenadina,
astemizole, cyclosporine, amiodarone, quinidine,
diszopam, midazolam, ol and meto-
prolol) of CYP3IAA1N Use of grapefinit juice
shouid also be avoidad as this has besn shown o
inhibit the motabolism of some dibydropyridins
calcium channe! blocksn (285

1. Piace of Lercanidipine in the
Management of Hyperension

The prevalence of hypertension In Western pop-
ulations appears to be 20% based on
cpidemiologicat dats from England®™ end the
USA!M which esed BP 2160/95ram Hg as the cut-
off poiat. The disease Is a mujor risk factor for heart
diseape and stroks,145 2 complications which Im-
pose an snormous financial burden on healthcare
systerns and which glso have major soclal implica-
tions.l The effective management of hyperten-
ston 1s therefore a primary healihcare objective in
most countries,

Omags F00 New: 80 &5



PRty VI RTINS

Lazcanidipine: A Review

uw

Cusreat goidelines differ slightly in their rec-
ommended BP goals: INC-VI (the sixth report of
the Joint Naticnal Committes on prevention. de-
fection, evalustion and trestment of high blood
proasure)l*] recommends reducing BP below 140/
90mm Hg if tolerated (or even lower In high risk
populations such as those with dlabetes meliltus
or renal disease). The WHO-ISH (World Health
Organisation-Intermational Soclety of Hypesten-
sion)!*¥) recommends BP levels below 130/25mm
Hg, and the BHS (Briush Hyperienslon Society)
recommends BP <140/85mm Hg.!*" Despite these
slight variations, all 3 guidelinas agree that the pri-
mary goal in the trestment of hypertension is to
reduce morbidity and mortality by lowering BP
and modifying other cardiovascular risk foctors,

Nonpharmacological approaches to the treat-
ment of hypertenslon includs 1ifestyle modifice-
tlona such as weight reduction, reduced salt Intake,
limited aleobol consumption und regular physical
exercise.P” These measures alone may reduce the
need for drug treatment, particularly in petients
with mild to moderats bypertenslon. However,
pharmacalogieal treatment may be required in a
largo proportion of patisnta.

Once the decision has beea made to injtiate ther-
apy, INC-VI'8i gyidelines suggest starting with al-
ther a diuretic or s S-blocker unless there are strong
Indications for mother drug class (or f-blockers or
diurctios are contraindicated). This is becsuse ou-
merous randomised contrallad clinical trials have
shown a redoetion in morbidity 4nd morality with
diuretics and B-blockers in patients with hyperten-
sion (recent evidencet™-®! indicates this may also
be the case with some caleium antagonists though).
There are certain patieal groups in whom calclum
antagonlns are favoured at fint-line therapy by
JNC-VI: patients with lsolated syaiolic byperten-
sion and patieats with coexisting angina pecioris.
Unlike INC-VT,9! the WHO-1SH guidelinas stats
that ull drug classes (dluretics, f-biockers, calclum
antsgonists, ACE inhibitors, anglotensin If antag-
oaists and &x-blockers) arc suitabie for the initiation
and maintenance of antihypertensive thempy.
Most importantly, antihypertansive treatment

@ Adh inlnnciancl Urbad. AD dghts served,

needs to be taflored 10 the indlvidual needs and
preferences of the patient.
" Regardless of which drug isused first, treatment
nmst commence with s low dosags. If BP contral
is not achieved, dosage titration or the addidon of
asecond drug is advocated. Interestingly, evidence
ruggests that fewar than S0% of patients have thelr
hypertension controlled by monnthernpy and a3
many ss 66% require 23 drogs 1971

Lercanidipine i & vasoselective dihydropyrid-

. Ine calcium antagonist, Because of ita Jipophilic-

ity, the drug accumulotes into the phoapholipid bi-
layer of the cell membranes from where It
pradually Interucts with L-type calclum channsia.
This resulis in a slow cnset and long duration of
action. Well controlled clinical trinls have shown
that lercanidipine [0 or 20mg provides 24-hour ef-
ficacy sftar once daily adminlstration In patients
with mild 1o moderate essential hypertension and
ls os effeclive as recommended dosages of
amlodipine, atenolol, hydrochlorothinxide,
captopril and nifedipine SR. In additfon, evidence
reporied in abstracts suggests that lercanidipine
10mg once daily may also be as efTective as en-
alapril 20 mg/day and candesartan cilexeti] 16
mg/day and more effective than irbesaran 150
mg/day 1o patients with mild o moderate essential
hypectension

Lercanidipine has shown efficaoy in eldaerly
patlents with mild to moderate hypertension or
lsolated systolic hypertension. Furtharmore, it ef-
fectively reduced BP In patients with severe hyper-
tensicn when used alone In § study, and In potiems
with hyperteasion not responding ©© other agents
when used sdjunctively (in thege patienw the drug
mppears to be as effective as akrendipine). {13 antl-
hypertensive effects in patients with type 2 dlabe-
tes mellitus huve been demonstruted but have yet
to be published.

1mportanty, the antihypertonsive offects of the
drug are not assoclated with ceflex tachycandia.
Other potential benefits of lercanidipine include its
vasoseleciivity (the drug lowers BP without reduc-
ing cardine contractile foree) and its nnlisthero-
genic activity and end-argan protection ax shown
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in preclinical trisis. These cffects spgest that the
drug might have a rols in the treatment of hyper-
tensive patients with coexisting ischaemic heart
dizease, but this has yet to be confinned in elinieal
trials.

Lercanidipine is  well iolersted drug, with veso-
dilstory cffocts such as beadache, fushing, dizzi-
ness and ankle oedema being the moat commonly
reporied adverse events In clinical trials. The drog
was as well tolerated as captopeil and atenolol, and
possibly better tolerated than amlodiping, nifedi-
pine (SR or GITS), felodipine and nitrendipine in
patients with mild to modernts hypertension.

Iz concluzion, clinjcal trials have shown that
lercanidipine s an effective snd wall tolerated aod-
hypexiensive agent in patients with mild m moder-
aic hyperwnsion after once dafly administration. In
addhion, the drug may reducs BP when tsed as
monotherspy in patients with severe hyporteasion
or when weod adjunctively in patients with resistant
bypertemalon. Importantly, lercanidipine appears
10 be at leant as effective and well tolerated as other
commonly used antihypertensive agenta. It there-
fore represonts a useful therapentic option in the
management of patients with hypastension and will
be particulsrly useful in patients pot responding to,
orintolernnt of, anthypertensive ugents from other
drug ciasses.
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571 ABSTRACT

‘The sabject invention provides methods for preventing.
or reducing atheroscierotic lesions or atheroscle-

rotic degradation of aterial walls or tresting

compwising administering to & mammal in aced of such

prevention. retardation, reduction or trestrment at least one

carapound having the formula E

R
~o o-n-rll—?l-am
l 3%

wherein:
Phb is phenyl,
Ar Is: 2-aitrophenyl. 3-aitrophenyl. 2.3-dichlorophenyl or
benzofurazan-4-yl.

Als 2 branched chaly alkylene radical having from 2 to 6
carbon atoms.

R Is & siraight or branched chaln alkyl radical having from
1 to 6 carbon stams. mono-substituted by an
alkoxy substimuemn having from 1 to § carbon stoms.

R, is hydrogea. hydrosy. ar an alky! radical having from
1 10 4 carbon asomm.

R, is hydrogen. ar methyl;

or an epantiomer of a compound having formuls I; a

3



U.S. Patent Jun. 16, 1998 Sheet 1 of 6

% OF CONTROL

N A0 KWTIAAAT | »

FIG. |

5,767,136

100
80 (S)- lercanidipine
60~ ®
»
nn
404 x s gs s *®
lercanidipine
(R)- lercanidipine oy
20 = %R
% p ol°5 L) *‘
%% p<0,0l . Rl
0 T T |
0o 15 25 35

PRODUCT (uM)



o4
Sheet 2 of 6 5,767,136

FIG. 2

Jun. 16, 1998

100 -

U.S. Patent

2
i By N
ISy 8 S
3 N3
— oSS e 8
x
m a
K 3
3 —L ™
x -_nm -—
— o _9
noQ
A O N O R O 833S o
S 3 R8I mwaeco Mw<PRRS
2% MR
4 »®
T0MLNOD 40 % .22 [INB




U.S. Patent

% OF CONTROL

BNSDOCID: «US__STU7128A1_1L>»

100 -

80 -

60 =

40 -

20 ~

Jun. 16, 1998 Sheet 3 of 6 5,767,136

FIG. 3

(S)— lercanidipine

lercanidipine

(R)-lerconidipine

0.l

| 95 i0 20

PRODUCT (uM)



U.S. Patent Jun. 16, 1998 Sheet 4 of 6 5,767,136

% OF CONTROL

FIG. 4

(S)-lercanidipine

100~
75 -
*
{R)-lercanidipine
lerconidipine
50 -
»*
*
0 1 1 ] L] 1
0.05 0.l | 5 10

PRODUCT (uM)

a5



U.S. Patent Jun. 16, 1998 Sheet 5 of 6 5,767,136

FIG. 5

30 ] lercanidipine

(S)= lercanidipine
(R)—lercanidipine

20 -

NANNNNNNY

nmoles MDA/mg LDL

10 - i
:’;}
o __
o) 3 40 50
PRODUCT (uM)
FIG. 6
50 -
-l E— —T= T
9 40-
o
£ L0-
- ¢
(&) y
S .
2 20 -
g -
c 10 - —=
—

CONTROL 5 10 50 100
PRODUCT ( puM)




'- 106

U.S. Patent Jun. 16, 1998 Sheet 6 of 6 5,767,136

FIG. 7

40
CONTROL

W
o
]

LERCANIDIPINE 30uM

nmoles MDA/mg LDL
N
O
|

o
1

HOURS



5,767,136

FIELD OF THE INVENTION

The present Invention relates to the use of 14
to counter several processes which affect
the development of stherosclerotic vascular lesions. such as,
for exampie, myocyie proliferstion and migration. choles-
terol metabolizm in macrophages and axidative modification
of low-denzity lipoproteins (LDL). Beneficlal effects on the
shove biological processes are the basis for prevention of
stherosclarotic degradation In srterial walls of humans.
Ancther aspect af the laveotion relaies 1o particular forms
ol. and compositions containing. such compounds apd
adspted for this therapeutic use.

BACKGROUND OF THE INVENTION

The compounds of the izvention are known for their
coroaxry dilating and antibyperieasive activity from U.5.
Put. No, 4.705.797. However. the anhydrous form of such
compounds is novel and forms part of the presext invention.

A particulerly preferred compound i methyl 1.1.N-
trimethyl-N-(3.3-diphenylpropyl)-2-amincethyl 1.4-
dibydro-2.6-dimethyl-4-(3-nitrophenyl)-pyridine-3.5-
dicarboxylate (lercanidipiane). and phsrmacecutically
aceeptable salts thereof. These nds can be
accarding to the methods cited in US. Par. No. 4.705.797 or
the methods disclosed herein,

Also, particularly preferred are the resolved enantiomers
of Jacanidipise. The preparnticn of the individusl enanti-
omess is described In the present specification.

Arterioscierasis. a genexic term for thickening and bard-
«euing of the arterial wall, is responsibie for many deaths in
the Unlited States and ather westernized societies. One type
of anterjoscleroals ks atherosclerosis, a disorder of the larger
mtezies thal underlies most coronary artery disease. aoptle
ancorysm. and wricrial disesse of the lower extremities.
Athcrosclerosls pisys a major role I ceretyovascninr dis-
case and 10 & leading caine of death in the United States, both

shove and below age 65 (E. L. Bicrman kb Harvison's -

Principies of Imernal Medicine X1 Ed.. page 952 (1991))

It is now recognired thas atheroscieronts is a smbtifactorial
focess that, whea leading to clinical sequelac, is based on
extentive proliferation of migrated smooth musele cells
(myocyics) within the intima of the affected antesy. The
siheroscierctic plague formation is believed to be the result
of three fundamental bjologica] processes. These are;

1) migration and prolifcrstion of intimal smooth ransele
cells. together with variabie numbers of accunmlated mac-

rophages and T-lymphocytes;

2) formation by the prolifasied smooth muscle cells of 5

lage amounts of cosncetive tissue matrix. including
collagen. clastic fibers. and proteoglycans; and

3) accumulation of Hpld in the form of
cholesterol esters and free cholesterol within the cells m
well as in the councctive tissucs,
(R Ross et al.. Science, 180:1332.(1973); R. Ross et al. N.
Eng. J. Med, 295369 (1976). R. W. Wisaler et al. Prog.
Candiovase. Dis, 18:341 (1976))

In sddition. s umber of experimental repoets ascribe »
key role 0 the oxidative modification of low density lipo-
proteins (LDL) in the esly stages of stheroscierosls In

2

risk factor associaled with the Increased incidence of the
discase. Avadlsble dats bas lead to the belief that LDL can
ondergo exldative modifiestion (D. Stelnbesy et al., N, Eng.
J. Med, 320:915 (1989% J. L. Witztum. Lancet, 344:793
(1954)) and that oxidized LD1. has beea shown to promote
atherogenesls by o pumber of mechanisms. Incloding
cahanced upiake of LDL In tissue macrophages which leads
1o lipid sccumniation and chemotactic activity for moso-

cyies (M. 5. Brown et al. Ann. Rew Blockem, 52223
(1m».mmmmmmmueams.
Parthasarsthy et al. Prog. Lipid Res., 31:127 (1992)).

SUMMARY OF THE INVENTION

It has now been found that 1.4-dihydropyridines. sch 53
lercanidipine sad each enantiomer of lercanidipine mre able
10 counteract many of the blological processes leading to
atheroscierotic Jesioas. Therefore. these nds are use-
ful In & mammal, inciuding a human in need of such
treatment to prevent. retard, or reduce the atherosclerotic
degradation of the arerial wall. hypercholesterolemia and
the varions diseases caused by these, such as, for exsmple.
Ischemic heant diseases such as Infarction and
cerebrovascular disesses such as cercbral infaretion apd
cerchral apoplexy.

The compounds of the inveation are also useful for the
inhibition of restencsds following percutaneous mﬂmlnd
coronary angioplasty (PTCA) and for suppressing the
mdmwmmmm
slon.

The subject invention provides a method for preventing.
retarding. and/or reducing stherosclerotic leslops and pre-
vesting atherosclerctic degradation of arterial walls. The
method comprises administration of an effective amount of

a commpound having Foorula J:

Ph is pheayt,

Ar is: 2-altropbenyl. 3-uitropheayl, 2.3-dichlaropheny] or
benzaforazan-4-yl,

Als a branched chain alkylene radical having from 2 to 6
carbol stoms,

Ris s straight or branched chals alkyl radical having fram
1 to 6 carboa stoms. mopo-substituied by an
alknxy substimeat having fram 1 to0 6 carbon atoms,

R; Is lrydrogen. hydroxy. or an alkyl radical having from
1 t0 4 carbon atoros, and

R, Is Wydroges., or methyl

Also weeful in the presest investion are resalved enanti-
omers of the compounds baving formula L pharmaceutically
acceptable scid addition salts. and hydrated or eolvated
forms of any of these compounds.

The presenl iovestion also contemplates unkt dosage
forms that Include an effective amount of ot least one of the
(R)-cnantiomer. the (S)-caastiomer. or the racemate of the
compounds of the ixvestion.

R has been discoverad that the compounds of the inven-
tios cam bt pwepayed In anhydrous (umsclvated) form by

the compound Ip s agwotic solvent and 2

recrystallizing !
humant. where hypercholesterolemia represents the major  protic sotvest. I the recrystallization either sprotic or protie
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fared amoag these 1 ne deivatives are
lercanidipine. ks enantiomers. and pharmaceutically accept-
lbbnlnil\uad.l.:nnldl pine Is methy) 1.1 -Nahﬁwl-

diovascular effect. This enantiomer Is useful for trestment of
paticnts for whom reduction of biood pressire would be
indesirable.

Toe investion slso provides for the preparstion of a
composition useful for the trestment. Le.. the prevestion,
mrest, retardation, or af Jeast partial reversal of athrroscle-
ratic degradation ia the arterial walls of & patient fir seed of
said trestment usiag & compound of the general formula L

DESCRIFTION OF THE DRAWINGS

FIG. 1 is s graphical represeptation of the effect of
lercanidipine and its ensantiomers on [*H]-thymidine incor-
poration into myocytes of mt smooth moscle cells.

FIG. 2 is a graphical represeatation of the shilkty of
lercanidipine and its cnantiomers to isterfere with the migrs-
tion of arterial myocytes.

FIG. 3 is a grphical representation

idipine apd its cnantiomers to inhibit the enzyme
ACAT and cholesterol enerification induced by AcLDL In

FIGS. S and € are graphical representations of the effect
of lercanidipine and s enantiomers on cell-medisted axi-
dation of LDL.

FRIRAEEFE AP ERTYARAY P

4
FIG, 7 is a time course plot of cell-mediated oxidetion and
the effects of Jercanidipine afier incubation.

DETAILED DESCRIFTION OF THE
INVENTION

All pateats, paicnt epplications. and literature references

Mmbelpadﬂdbnlehﬂebyhﬂ:pumdwm
coce in their eptirety. In the case of Inconsisiencies. the

10 present disclosare. including definitions. will prevail.

“Treatment™ of atherosclerosis Is Intended to include
preventing. retarding. and/or reducing atherosclerotic
leticas and retarding. and/or reducing sthero-
sclerotic of arterial walls. in mammals, particu-

13wty humans. In particules. the inhibition or counteracting of

the following processes. which lead to atherosclerotic
lesions, can be considered very useful for the treatrment of
sthezosclerosis. They are:

1) migration apd proliferstion of imimal smooth mnscle
cells. wgether with variable oumbens of sccumulsted mac-
rophages and T-lymphocytes:

2) formation by the proliferated mmooth muscle cells of
large amoumts of empective tissue matrix. includiag

5 collagen. elastic fibers. and proteoglycans; and

chalesteryl )
well us in the anrounding connective tames.

0 Acconding 1o the present invention. treatment constitutes

apy jmprovement in ope or more cllmical or

techpigues. Non-limiting examples include ladlnlqlns such

of the shilky of 35 as. anslysis of blood. ultrasound and other Imaging tech-

niques such as anglography. Several of these

have boen developed and sre well-known, Patients who are
likely to require this treatment are those miffering from or st
rlak for myocandial infiret, stroke, hyperlipidemia. ar hyper-

40 tenziom.

Lercanidipine can be prepared by Hantzsch cyclization of
methyl 3-aminocrotoaste (1) with 1.1.N-trimethyl-N-(3.3-
diphenyipropyl)-2-aminoethyl a-acetyl-3-nirocinnamate
() (Scheme 1) acconding to the method described fa US.
Pat. No. 4,705.797.

/OF
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However, the cydlisztion method described in the U.S. The bomochirsl acids. herelabelow called for
Pat. No. 4.705.797 leads to several impurities and conse- 2 comvenlence, ackd 3 (the (R)-cnantiomer) and acid 6 (the
quently a Jow yield of the product is obtained. The removel  (S)-caantiomer). can be conveaiently peepared by resolution
of the reaction byproducts requires the use of purification  of racemic acld 3 acconding to the method reporied by A
technlques. e.g.. column chromatography. which are difficult  Ashimori et al.. Chon. Pharm. Bull 39:108 (1991).

1o apply oo an industrial scale. The esterification resction can be performed in the pres-

Ahernatively. lereanidipine can be prepared by esterifi- ¥ ence of a coupliag agent (e.g.: dicyciohexy:-arbodlimide.
catlan of l.‘-diludm—?..&d:ﬂlhyl—!-mm NN'.carboryldiimidazaole or diethyl cyasophiosphonate).
(3-nlrophenyl) pyridine-3-carboxyllc acid (3) with 2N-  optionally in the presence of a promoting agent (e.g-:
dimethyl-N-{3.3-diphenylpropyl)-1-amiec-2-propancl (4)  N-hydroxysuccinimide or 4-dimethylamincpyridine) in
(Scheme 2) according 10 the method described in Example  aprotie or chlorinated solvents (e.g.: N.N-
3 dbmethylformamide or chloraform) at tempesstures ranging

Resolved Jeroanidipine enantiomers can be obtained by  from —10° to 140° C. accarding o well-known systhetic
the esterifieation method flinstrated In Scheme 2 using the 5 methods: Albertson. Org. Reacs. Vol. 12, 205-212 (1962)
coxresponding homochiral agids which. when preseat in 1:1 Dobaty et al, J. Med Chem 352 (1992). Ishiharn, Chem.
mutio. constite the above chied racemic acid 3, Pharm. Bull. 3930738 (1991).

FMTIARAY | »



5,167.136

"|-.I

b ﬁl‘iu'unm'hn
alkyld:lu'd
5. ). thes add-
Optionally. a promoting “ l-h.;::: O'm
i . 4 agemt Y
Hua lddlﬁ;'dﬂlllnﬂnﬂluu(l)
{Alberison. Ory. React. Viol. 12. 157 (1962)).
mmndunnnmdmcmmﬂonmm
bemplredbymmlondludS(cmdﬁ)lmnm
mdn;nqlhﬂﬂeulumdﬂhﬂhu(q.

ally in the prescnce of promotiag agents (c.g.:

dimethylformamide) 1t tempersture ranging from ﬂnu
—~10° to sbout 85° C. The resolved acyl halides caa
optionally, but peed mot. be isalated before the addjtion of
the intermediate alcobol (4).

‘The lercanidipine enantiomers thus obtalned are purified
according to methods known in the mri. elther as & free base
{cg: by colums chrompatography) or a3 & sall (eg.: by
repwecipliation or recrystallization). The above methods can
also be psed for all compousds having formmia L

R has been discovered that raocmic mixtures of the
compounds of the isventon purified by recrystallization can
hpmrdhnhﬂmscuudvddfmbymﬂl-
Uzlng the compaound from a solution of the compouad in; (I)
an aprotic salvest; snd (1) a protic solveat. The anhydrous
compounds have improved stability and lower hygroscop-
icity whea compared to the bydmted/solvated compounds.

The lercanidipine cap be obtalned by extaifleation from
the caresponding dihydropyridine acid in accandance with
& OBC-stcp reaction process starting with the acid chloride of
compouzd 3. prepared In situ, This route provides improved
ylelds and the formation of fewer reaction byproducts. The
Improved purity of the compounds of the invention avaids
the use of chramstographic columns to isclate the desired
fiaal product. The compounds can be obtalned direcdy by
crystallisation as the hydrochloride salt with a high degree of
pity.

The lercanidipine bydrochioride can be prepared sccord-
ing 1o the present Inveation in the anbydrous crysailine
form. meling whiin a two degree ange from about 185° o
190° C. range afier of the crode hydrochlo-
ride compound from s solution of the compouad in; (f) an
sgxotic solvent; aad (if) a protic solvent

Examples of sprotic sol vents include chiorinated solvests,
such as. for cxample. chloroform. dichloromethane,
dichlcrocthane, chiorobenzene, 1.1.1-trichlorocthane, sad
the like; noo-chicrinaled solvents. such s, for cxample,
eibyl acetate. metiyl acetate. tetrabiydrofuran. dioxane, N.N-
dimethyl-formamide, dimethylcarbonate, tolucae. xylene.,
an (Co~Cy) alkane. a (Cy-C,) cycioalkane and the Uke.

Examples of protic soliveats Incinde solvents. such as. for
cxample. methanol, ethamol, propascl. isopropamel.
o-butanol, soc-butanal, test-butanol and the Ike. All sol vents
can be used aloae or optionally in a mixmre with other
solvents. All water miscible solvests can be used alooc or in
a mixture which may comprise at least one solvent and
optionally Include watey.

FPharmaceutically acceptable salts are prepared firom the
free bases in a cooventional manner.

Preferred phanmacentically acld addition palts
we those such as for cxample. hydrochlore. sulfurie.
malde. succinle. citrie. methanesulfonic and mluenesulfonle
scids. and the Lk

ERTYY I -1 A ETNTIAALY | »

med )
'ormate o

~~~The hydmted md solvated:

nds of the
iovention Incdude ds which have witer or solvent
molecules associsted with them. There can be as little as
about (.28 molecules of waler aor solvent or there can be
several water or solvent molecules for each leycanidipine
malecule.

Typical solvests which associste or solvate the lercanid-
ipincs are solvents which can be used for recyystallization.
Examgpies of these solveats include water. slcobals such as.
for cuample. methanal. ethanol. propancl.
n-hutanol, m—hllld.lﬂt-llnnduﬂﬂlelh

to the imvention. the 1 idipe
ddnﬂnhvh;lmﬂnlmb.ﬁmudmm
patient 23 such. or ib the form of any of ity pharmaceutically
accepiable salis, ar solvates. It has been determined
that the bicavalibility end efficacy of the compounds baving
formuls Iis whether administeyed in the anhy-
drous form or [n a hydrated or solvated form,

Preferrod pharmaccutically accepiabie acid addition salts
include those formed with hydrochlaric. sulfuric. maleic.
succinic. citric. methanesuiphonic and Wivenesulphonie

msy convenlently coptals from about ¥% o sbout 70% of
the weight of the unit The amount of active campound in
such compositions is such that a suitshle dosage will be
obtalned. However. the desired dosage cm be obtained by
administering & plurality of dosage forms

The of the invention can be sdministered as
an oral dosage of from abowt 0.1 10 about 400 mg, preferably
from about ] 10 about 200 mg. and most prefershly from
sbout 5 to sbout 100 mg. per subject treatod. per day.
Therapy can coatinue for several months or years or indefi-

nitely.
Preferred compositions and preparstions according to the
iovention are prepared so that an ol dosage umbt form

contains from shout 0.1 to about 400 mg of sctive com-

pound.
The tablets. pllls. capeules. n:lu.alllllzllhﬂnlln

Ba)

administered, for example, with an ipert diloent or with an
edible cnrler. They can. for examgie. be enclosed in gelatin
capsules. or they can be compressed into tableis.

When the dosage ualt form Is a capsule. il can costain. in
addition to matevials described above. » quid earrier such
as. for enample » faity all.

oS
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For the purpose of parcoteral administration. the 1.4-
dihydropyridine derivatives may be incarporated into a
solution or suspension.

These jons typically contain ot least 0.1% of
active but the amount of active ingrediest may
vary between 0.5% and abont 30% of the weight thereof,
The amount of active compound In such compositlons is
such that » suitable dosage will be obtained.

Freferably a parenieral dosage unit contains betweea 0.5
to 100 mg of active compound. The solutions or suspeasions
may also include the followisg components: & sterlle diluens
such a3 water for injection. saline solution. fixed alls,
polycthylene glyrols. glycatine. propylene glycal or ofher
synthelic solvents: an antibacterial agent such as bearyl
slcohol or methyl parabens: an antionldant such as ascorbic
acid or sodium bisulfite; a chelating agents such as ethyl-
cnediamiacietrancetic acid; & buffer such as an acetate. &
‘citrate or a phosphate and an agent for the adjustment of
ionicity such as sodium chloride or dextrose. Parenteral
multiple dose vials may be of glass or plastics material,

The parcnteral maltiple dose vials can be of glass or
plastic materials,

Other dosage unit forms can contain various other mate-

rials which modIfy the physical form of the dosage unk. for 23

example. coatings. Thus. tablets or pills can be coated with
a sugar, shellac, or apother eneric coating agent,

A syrup can contain, in addition 10 the active
sucrose a3 a sweetening agent. preservatives. dyu
colorings. apd flavoranis.

imo a phytiologically acceptable solution or suspension.

These prepamations preferably contaln of least about 0.1%
of active compound. but may be varied 1o from about 0.5%
to sbowt 30% by weight thereof. The amount of active
compound in these jous is such thst a suitshie
dosage of fram about 5 to about 100 mg will be obtainad
upon administration of the solution or suspension.

unit contsips from about 5 o about 100 mg of active Elemeental analysh % for

compound.

10
EXAMPLES

The following examples Mustate the Igvention without

Example ]

(S)(+)-Methyl 1.1-N-Trimetiyl-N-(3.3-
Diphenyipropyl)-2-Amizoctityl 1.4-Dihydro-2.5-
Dimethyl-4-(3-Nitropheaylpyzidine-3.5-
Dicarboxylate ((S)-Larcanidipine)
Hydrochloride 0.5 H,0

Thicnyl chloride. 0.13 mL wa added. st -10° C 10 2
stitred suspemion of 0.54 g of (R)-1.4-dlbvydro-2.6-

dimethyl-3-(3-nitrophenyl)-5-methoxycarbonylpycidine-3-
caxboxylic acid [n 2.9 ml of anhydrous dichloromethane and
0.75 ml of anhydrous N de under »
aitrogen stmosphere, apd sheftered from the direcy light.
Afier 1 hour at 0° C.. » salution of (.48 g of 2.N-dimethyl-
90 N-(33-diphenyl-propyl)-1-amino-2-propancl. (prepared as
dﬂuﬂnﬂ iz US. Put. No. 4.705.797). Ia 1 ml of
dichloramethane. coaled to-5* C, was addoed. After stiring
for 3 botrs at 0° C. and standing overnight at 20°-25° C... the
solvent was cveparated In vacuo and the residue was dis-
solved in 20 ml of ethyl acetate. The arganic phase was
washed sequentially. with brine (4 ml), 10% aqueous sodium
carbonste solution (534 mi). beine (4 ml). IN hydrochloric
acid (3x3 mil). brine (4 ml). 10% aqueons sodium carbonste
solution (2x5 mi) and with brine (4 ml). The crganic phase
was dried over anhydrous sodium sulfate and evapormied to
dryness in vacuo. The product was purified by fash chro-
on silica gel cohunn cinting with petroleum
cther-acetone 85:15. The individual, pure, TLC fractions
wmmvswwuam-sn
methanalic ammonia 99:1.1 by valume) were combined and
evapanted to provide a residoc that was dissolved in 75 ml
of diethryl cther comtaining 3% of acctope. Afier filiration the
salution wat acidified with 3N ethereal chiaride
and the was collected by suction filtration and

precipitate
0 tricd st 78° C/15 mm¥ig to provide 0.66 g of the title

cosppound.
MP 115°-125* C; (o], "=+70.56* (McOH: o=(.981).
N0 HCLOS H,0
Found: C.6547: H. 6.57; N.6.29: (1.5.32; H,0. 1.68 Calc::

The salutions or suspensions can also {nclude the foliow- 4% C. 65.79; B. 6.60; N. 639; Q. 539; H,0, 137

glycols. plycerine, propylene glycol. other synthetic
solvents, and the illee; antibacicrial agents such ufw
cxample. benryl alochal. methyl parabens. and
mn&ufam neutlcnll.ndinm
hnlﬁuadthelh.d:dnh.qusm:h

Dosage forms, additional ingredients and roates of admin-
Istration contemplated beradn ipclude those disclosed in U.S.
Paz No. 4089.9590 and US. Pat. No. 5.091.132 both

incorparated by reference in thelr entirety.

BN AR TRTIWVAAL |

B NMR Spectrum of the base &t 200 MHz (CDCY,. 8y
8.10 (m.1H) nitrophenyl. CH in 2 7.97 (m.1H) altvophenyl
CH in 4 7.62 (m. 1H) sitrophenyl. CH In 6 7.33 (4d.1H)

CH in § 729-7.10 (m. 10H) H bearhydryl

nitropheayl.
30 gromatics 5.79 (bs.1H) pyridine. NH 5.05 (s. 1H) pyridine.

CH in 4 3.92 (1.1H) benzhydyl. CH 3.63 (5. 3H)
COOCH,2.37 (. 2H) OC(CH,)yceN 240-2.23 (m. 2H)
N(CHCH,CH,2.33/2.27 (2. 6H) pyridine. CH, in pos. 2
and 6 219209 (m. 2H) N(CH,)CH o217 (s. 3H)
NCH,1.3¥1.31 (2s 6H) OC(CH,),CH.N

Exampie 2
R)-(—Methyl 1.1-N-Trimethyl-N-(33-
}-2-Aminocthyl 1.4-Dihydro-2.6-
Dimethyl-4-(3 5-
Dicarboxylase ((R)-Lercanidipine)
Rydrochlaride H,0

‘The title compound was cbtained by the method described

hl!nqielh'lhe(S)-m stasting with (S)-14-
dihydro-2.6- dlmelhyl-4-(3-nnrophcnyl) Y.

methoxycarhonylpyridine-3-carboxylic acid
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M.p. 115°-120° C.. |a]®=-70.88° (McOH. c=0.975),

Elemental analysis % for CyH N0, HOR,0 Found:
C. 64.93; H. 6.62: N. 6.24: Cl. 541; H,0. 2.30 Calc.: C.
64.90; H. 6.60; N. 6.31: CL. 532: H,0.210

The "H-NMR spectrum of the base In CDCY, was ides-
tical to the "H-NMR spectrum for the (S)-enantiomer from
Example 1.

Exampie 3
Methyl IJ-N-MMyl—N—(SJ—Mny).}.
Amincethyl 14-Dibydro-2.6-Dimethyl-4-(3-

Nisropheayl) Pyridine-3.5-Dicarboylate
{Lescaridipine) Hydrochloride

Thionyl chloride, 45.8 g (0385 male). was added drop-
wisc over 13 minutes into & stirred mixture comprising 11
6.2 g (0.35 male) of 2.6-dimethyl-S-

sphere at a temparamre of —4° w0 +1° C. The miziure was
stiored and maistained st this temperature for 1 This
was followed by dropwise additen of 104.1 g (0.35 mole)
of 2.N-dimethyl-N-(3.3-dipheayl-propyl)-1-amino-2-
propano] (4) (prepared as described in .S Pat. No. 4.705.
797). dissolved In 108 mL of anhydrous dichloromethane.
over 15 minues at a temerature of ~-10° to 0* C. After

sthring for 3 hows at 0° C. and standing overnight at room

M.F. 186°-188° C.
Eaample 4A
Bffects oa Arterial Myocyte Proliferstion
Animal models of vascular injury have shown that an
wterjal lesion is followed by of medial

myocytes, magy of which migrate into the intima and further
proliferate to form a peointimal lesion. The causes of these

Thus. the clucidstion of the factors sffecting these pho-
somnena affards sew points for scloctive interference
and inhibition of the process of atherogenesls (R. W, Wissler
el al:, Am. J. Med. 91(S1B). 35 (1991); 5. M. Schwutz ¢

al.. Cire. Res. 38AI7 (19865 A. W. Cloves ctal., J. Candion. &8

Pharmacol. 14:312 (1989); R. W. Wissler et al, Ame. NY
Acod. Scl. $98:418 (1990).

rmareyaie e ETETINEAY | o
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Migration of myocytes was investigated for the present
invention uxing i sortic smooth muscle cells in the pres-
cnce of Nbrinogen as chemotactic factor. whereay for studies
ou their proliferstion rat and humaa cells were used. Cell
count and [3H|-tymidine incarpamtion were used (o evalu-

ale myocytes growth. The methodojogy was as follows:
wexe cultered from the intima-medial bryer of
ﬂ.emdmwmwymaoo-mncms
pmlnnondlymnﬂ'c.lnahmnﬂﬂedlnm-
sphere of 3% CO, in Eagle's minimom essential medium
supplemented with 10% (v/v) fetal calf serum. 100 U/ml
peniciilin, 0.1 mg/ml streptamycin. 20 mM tricine buffer and
1% (vAv) pon-essential amino acid solution. The medium
was every third day. Cells were used betwees the
4th and 10th Cell viahility was imely assessed by
trypas hiue exclusion. Myocyles were identified far growth
behavior. and using monoclonal antibody ape-

cific for c-actin, the actin isoform typical of myocyex
Human vesculer (A 617 from hurgsn femaral
anery) kindly provided by Prof. G. Gabbiani of The General
Pathology Institute (Geneva University—Switzerland) were
grown in the same cultare conditions. (These or other buman
vascular can be obtained and cultured a5 described
by et ol Asheroucierosis, 101:117-125. (1993)
Corsipl ot al. Pharm. Res, 23:173 (1991); Rose. R. J. Cell
Blo, 50:172. (1971); and Skaili. Q. et al J. Celi Blo,

1032787 (1986)).

pounds being tested (shown in Table 1). The {acubstion was
caninued for an additicnal 72 bours at 37 C. Just befare the

/09
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Exanple 48
Elemamﬂwndlﬁmin
In saother of myocytes to

accomplished by
bating cally growing cultures (3x10° cells/
ﬂn)h%—lﬂhmhnmﬂﬁmmﬂddu“ﬁfaﬂ
aalf serum. cells were incobated for 20 howrs In
a fresh medium with 10% fetal calf scyum in the presence of
the tesied drugs. Cell proliferstion was then estimated by
mocler i of I*H|drymidine. incubated with cells
(1 pCi/ml mediurn) for 2 hours. Radioactivity was measured
with Fiker-Count scimistion cocktail (AQUASOL® Scin-
tillation cocktail avallable from Packard-Groningen,
Netherlands).

The results. cxpressed as cell proliferation (as % of
coptral) again®t amount of the commpound of the investion
‘(Lercaaidipine apd its eaantiomers) iested. are shown in
FG. 1. The decrease in [*H |-thymidine uptake of mryocytes
confirmed the high patency of the compounds of the inves-
tion in inhibiting cell proliferstion.

Example 3

Effects on Arterial Myocyte Migration

Migration of ret myocytes was examined nsing a 43-well
mdumnd:nﬁummmus.&).m

Exampic 4A were suspendod is a medhon supplemented
with 5% fesal calf serum (assay medium). The lower weills.
containing 27 pul of the asay medium that inclnded fibrino-
gen (600 ug/mi) as chemotactic sgent, were covered with a
polyviryipyrrolidone-free fiher (8 pM pore
slze). Pifty ul of the cell suspension (1%10° cells/ml) were
placed In the upper compartment with the tesied
Incubstion was carried out for § hours ot 37° C. in an
stmosphese of 95% air and 5% CO,.
Afier incubation the fiher was removed from the chamber
md i cells were seraped from the upper surface.
and the fihers washod with buffered saline thrue
tirmes. The Alers ware stained with DIf-Quik (Mera-Dade
AG. Swinteriand). The pumber of myocytes per 100high
power field that had migrated to the lower noface of the
filters was determined microscopically. Six high power
ﬂmmdpmuummm
The resabs, expressed as migmiion of cells (a5 % of
coatral) sgainst amount of the of the invention
ilne and fts ensstiomers) testad. are shown in
FIG. 2 These dats demonstrate the sbility of lereanidipine.
and ks enaxtiomens to interfere with the migration of srterial
myocytes. All the tested compounds were sbie to shibit
myocytss migration In a dose-dependest manner with the
(R)-enantiomer showing the most pronounced effect.

Exarspie 6A

PBifects oa Cholesterol Metabolism in Mouse
Paioncal Macrophages

Atheromas contaln two mxin cell types, macrophages and
mooth muncle cells (R- Ross. Nonew 362:801 (1993))
Macrophages are desived from circolating momocytes and
are the main lipid-loaded cells in the lesions. The mechs-
alam by which they acoumulste cholesteral and
develop Into foam cells depends malnly upon receptor-

14
reccpias” that recognizes chemically and biologically modi-
fled LDL. such as acetyl LDL and anidized LDL
(Y. Kurihars ¢t al.. Carz Opin. Lipidol 2:293 (1991)). The
scavesger receptor, unlike the DL receptar. Is not subject
10 fecd-back and the resalt Is & masslve scoumu-
Istion of cholesterol in fomm cells. Chalesterol accumulates
in macrophages in esterified form by a process involving the
enzyme acylcoenzyme A-cholesterol lcyhnutenu
(ACAT) which catalyzes the cholesterol esterification in
cyioplasm (M. S. Brown &t ol. J. Biol Chem. 255:9344
(1580)). Only free choleszerol, ie.. unesterified cholesterol
can be removed fram macrophages.
Chaolesterol esterification indoced by AcLDL In mouse
mmw:wnhvaﬂnfoﬂmm
peritoneal macrophages were obtalned by peritoneal lavage
from mice (Balhvec Charles River. Calco. Italy) three days
after Iotrapesitoneal injection of thioglycolate. Cells (2-3x
10®) were plated in 33 mm wells with Dulbecco®s minlmum
essentlal medium containing 10% fetal bovise serum. After
3 hours. the dishes were washed to eliminate unattached
cells and maintained in Dulbecco’s minimum essentisl
medium plas 10% fetal bovine serum for 24 hours befare
use. Afver cell plating, experimeats were parformed st 37°C.
in serum free Dulbecco's minimum esscotial medium con-
tiaing 02% essentially fatty acid-free bovine serum
albumin, AA DL a specific ACAT inhibitor. S-58035 (See
CA Ronaal. JMMMUIS—SE(IM)).N
leresnidipine. or the coaptiomers indicated.
Homas LDL (d=1.019-1.063 g/ml) were isolsted from
placma of healthy volunteers by sequential ubtracensrifugs-
tios (Beckman 1L35-50. Falo Alo. &llf.).Fcaﬂyllllu.

filtrstion on Sephadex G-25 eluted with phosphate buffered
saline, Specific activity was 100-200 cpm/ng of protwin
Trichloroscetic acld pon-preciplable adicactivity was
below 2% of total All were steyile htered. The
cells were incubazed for 24 bowrs with the tested oo
pounds. After substitwtion of the mediom with fresh
sohution. incubation was continued for additions] 24 hours.
During this sccond incubation [*P1]AcLDL was added (50
pg/mi). Cholesteral enterification was measured after addl-
tiou of |1-4C] aleic acid (0.68 m( sampie) complexed with
bovine serum albumis during the last 1 or 2 homs of
incubation by subsequest determinstion of radioactivity
associsted with celinlar cholestery] esters.

The resubis. expressed as Jevel of Iohibidon (as % of
costrol) against amoust of the compound of the Invention
(Lorcanidipine and its enantiomers) tested. are shown in
FIG. 3. The compounds of the lovention. particularly. ler-
canidipine and its esantiomers inhibited. In a concentratioa
dependent manner., up to 90% of the farmation of esterified
cholesterd (In other wonds the compounds of the loveation
Inbitied the estexifying effect of enzyme ACAT) induced by
Mhmmm The IC,, values
for and the enastiomers mnged from 8 to 15
m.nuuhm:.mmmwmm

© potent compound.
Example 68

BEffects on Cholesterol Metabolian in Mouse
Periotneal Macrophages
Another set of experimeats was performed to evalnate the

medisted processes. involving the so called “scavenger  effoct of lercanidipine on cholesteral estexification in mae-

FNANNNTY <8 APATINAAY | >
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rophipes Jodded With choitRénl eREr before the addition of
the campounds of %he jpvention, this condition belng the
same as in foam cells.

Cells, prepared accardiag to the procedare In Example
GA. are loaded with cholestary] esters by exposure for 24
hours to & medium contalning 50 pg/m] acetyl LDL. ACAT
inhibition was thea determined as in Example 6A-

The results. expressed as level of Inhihition (as % of
cantrol) against amount of the compound of the invention
{Levcanidipine snd i chantiomers) tested, are shown in
FIG. 4. The compounds of the igvention, particularty, le-
canidipine and its enantiomers Inhibited. in & concentration

manper, up 10 70% of the formation of esterified
cholesterol Induced by AcLDL o mouse periioneal mac-
rophage. The ICy,, value for the (R)-cnantjomer was ahout 7
$M. The (R)-cmantiamer of Jercanidipine was slightly more
potent than the racemate and (S)-lercanidipine was the Jeast
polcnt among the compounds tesed.

Example 7

Cholestery] Ester Hydrolynis

B was shown that lercanidipine and its cuantiomers at a2 5
pM concentration did not Impair the capability of the
macrophages to hydrolyze the esterified cholesterol stored in
the cytoplasm. These cxperiments were pesformed by Incw-
bating cells preloaded with [*Hjcholesteral in the preseoce
of the specific ACAT inhiblsr S-358035. The blockage of
intracellular reestesification of cholesteyol allowed the
assessmers of the abllity of cells to hydralyze the accumu-
Ixted cholesterol esters.

medmlnvolvluﬁequnnhiudhhy&dyd;d‘
cholesteryl esters In cytoplaamic droplets. cells, pre-
pared according 1o the procedure [ Example GA. are losded
with cholesteryl esters by exposme for 24 hours o the
medium containing 50 pg/ml acetyl LDL. [1.2.7H]|
Cholesteral Is incloded in wll Joading rmedia at a concentra-
tioa of 0.5 pCl¥ml. Aficr 24 hours ioading pariod. during
which time the radicisbeled chalestaro? is incorporated and
esterified., the cell monolayers are washed and iscubsiod an
additional 24 hours in medinm contalning 0.1% bovine

wyl ester hydrolysls and thus allows asscssment of the
activity of the hydralase. The hydrolysis of the cholesteryl
esters Is quantified by determining the decrease of radiola-
beled eaters (B B Barrison et al., J. Lipid Res.
312157 were washed with phosphate buffered saline snd
extracted with hexanedsopropanol (32 viv). The media
were extracted with chloroformemethanal (2:1 viv). After
solvest removal. free and esterifiod cholesterol were sepa-
rated by TLC (lsooctanezdicthyl etherzacetic acid. 75252

104:19 (1993)) or by liquid sciutillstion counting (Lipoinma
Lomse. Landgraf. The Netherlands) respectively.

The results e given in Tabie 2. These data show that the
addition of Jercamidipine and fts enantiomers did not influ-

16

~ence-the—cellular-hydrolytic--activity. -documented by the

valoes of radionctivity in the esterified cholesterol fraction.
The corapounds of the iavention do not impair the capabllity
of the macrophages to bydrolyze the esterified cholesierol
sored s the cytoplasm,

AdLDL 30 pup'mi
AdLIL 20 pgfed + 5-38085 1 pg/ml

AcLIL 50 pgiml + S-S0085 1 pgiml + 3 x 107°M LE*
AdLDL 50 py/al + 5-38083 § pgimi + 3 x 107%M (ByLB*
AcLDL 50 pgfeul + S-58085 1 pg/mi + 5 % 1070 (R}LE*

Y = veaniidipioe

16131

Exampie §

Effects of Lercanklipine on Chemical Oxidation of
LDL

Experimental seports ascribe & key role for the oxidatdve
modificstion of LDL in the early stages of athercsclerosls in
bumans. These reports suggest that LDL oaids-
tive modificstions ia vivo (D. Steinberg et al. N. Eng. J.
Med. 320:918 (1989): D. Stcinberg etal. JAMA 264:3047
{1990); D. Sieinberg. Circularion §4:1420 (1991); 5. Yla-
Herttuala, Awe. Med. 23:561 (1991); U.F: Steinbyecher. Curx

Opin. Lipidol 1411 (1990): J. L. Witznum. Lances 344:793
(lm))mmmnmmmx-:.m.)m
Mumw-byuunbcdmm
{via the scaven-

Lipid Res. 31:127 (1992).

The abllity of Lercazidipive to function &) an antioxident
waz evalusied by Incobsting LDA., isolsted from human
plasma, for 22 hoors with an oxidizing agent (20 uyM Cu™)
in the of differsni concentrations of the test com-
pounds (0.0] pM-50 pM). The LD cxidation was followed
by montioring conjugated dicne formation with s ultreviclet
(UV) spectrometer of 234 mm.

The experimentsl conditions were as follows. LDL
(0=1.019-1.063) were isolated from human poclad platma
by soquentis] ultracentrifogstion at 4° C. and 40.000 rpm in
a 50 T1 rotor. nsing a L3-50 uiraceatrifuge (Beckman. Palo

Alw, Calif). ml.nl.mmnanymmo.m
Na(l coptalniag A.01% acid pH
74. sexilized by fitration through a 0.2 pM miflipore filter
and stored at 4* C. mnder nitrogen In the dark undl use {up
to 3 weelns). Before mee. LDL were dialyzed agninst cthyl-
caodiaminctreraacetic acid free phosphate buffered saline.
pH 74, an Sephadex G-25 columas (PD-10, Pharmacia Fine
Chemicals. Uppsals. Sweden). Then the LDL were fillered
dwough a sterile 022 pM ﬂlul'. In a phosphate bufferod
saline (30 pg Ypoprotein ) the LD were oxidized
byhmhﬂudzs’C.wﬂlmmmqu-mem
lercanidiping solution was prepared as a 10~2M stock solu-
ton in methana! or cthanol snd added as & methanol or
ethanal solution (maximum 1% viv) prior to addiion of the
copper solution. The effect of lercanidipise on the axidation
of LDL was determised by contipuous monitoring of the

formation of comjugmed dienes by rocording the increase In

1o
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the shsarbance at 234 nm at 5 min Intervals dui a three hoar
TV petopheneieis 640) canippod wib
(Bockman DU e 8
mhww resding and an sutomatic 6-cell changer The
time prior to the onset of oxidation (lag time) was calculated
a5 the imtercept between the line of the maxinuam slope of
ﬂnpqngmmmmummmdumm

TABLE 3
EFFECT OF LERCANIDIPINE ON THE LAQ

Lesranidipins ubl Lay them
[.T] 453 48
['E] 43137
10 L LY
23 56t
30 R XY o
100 1127 & 5=
*P<O05
"wp < Q0]
As shown in Table 3. . it & concentration of

10 3M clearly increased the lag thme for L DL oaidatiop. the
time required befare oxidation . myove than 2 times
The data show that the effect of the racemate was
with concentrations grester than

i w—nuuw
(ATCC TIB 67 J774A.1) with CuSO, solution in the pres-
-ndmudnltﬁpol).huﬂdlpheumdh

metabolites of poroxidation. dialdchyds
am-\).wuumdluduedﬂd farnaation
nsing the (A N. Hmna et o,

thicharbiroric acid
muﬂn('g)).

The antioxident capacity was evaluated by incubating
cthylene-diantinetetrascetic acid free-LDL nader sterile con-
ditions with § uM Cu™ (100 pg Apo B/ml) in the prescnce
of JT74A.] cells, Oxidation was stopped after 22 hours
incubation by addition of butyisted hydroxytoluene to the
medinm (final concentration 40 pM) dissolved In ethanol. To
the [ncubsted sample (0.250 mi). was added trichiorcacetic
acid (0.750 ml 0.20% w/v) followed by of thicbarbituric
acid (0.750 mL 0.67% wiv). The samples were heated &t
100° C. for 20 min. followed by cocling and centrifogation.
Malonic dialdeiryde equivalenis were calculated using 1.1
313-tetranethoxypropane as the standid.

The results. expressed as milimoles of MDA produced
against amount of the d of the lavention
(Lercanidipine asd iis ensntiomers) tested. sre shown In
FIG. 5. The results show that Jercanidipine and its enant)-
omers were clfective in reducing LDL oxidation.

Bxample 98
Effects of Lescapidipine on Cell-mediaied
Onidats

Following the procedure in Example SA. the cffects of
lesrcanidipiac on cell-mmedisted oxidation were studied with

BNSDOCID: «UB_S767130A1. >
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a different cell Hoe which shares many of the properties of
endothelial cells (EAhy-$26). (The cells were provided by:
Prof. A. Catapano., Pharmacology Dept.. Universita
Statale—MIsno.) (These or other cndothelial cells can be
obtained s deseribod by C-J. 5. Bdgall et al Proc. Nar
AcAd Scl., 80:3734-3737, (1983); and Gimbrose. M.. Prog.
Hemonasis Thromb, 3:1-28. (1976)). The cells were treated
with Jercanidipine st & concentration of from sbowt 10 10
sbout 100 pM.

The results, expressed as millimoles of MDA produced

agaimst amount of are showe in FIG. 6. The
results show thet ne reduced the axldatios of LDL
ai a copcentration of 10 to 100 pM.
Example 9C
Effects of Lercanidipine on Cell-medisted
Oxidation
In experiments 9A and SB. the cell-medisted oxidation
cffects of were investigated afier incubation

for 22 bours. In onjer 1o [nvestigate the Jower potency shown
by lercanidipine i these conditions. the cxtest of lpld
peroridation is s presence was studied over thne. A reac-
tion mixture was prepared acconding to the procedure in
Example 9Ansdag lercanidipine at a concentration of 30
pM. Samples were withdrawn from the incuhation medium
and the oxidation product. MDA. measuxed as described
above.

The resulis, expressed as millimoles of MDA produced
against time are shown in FIG. 7. nunbemnllmnl
concentiation of 30 pM. amdnvuyhln
inhibition of lipld oxidation after 10 hours incubation. This
shows that lercanidipine. administered 2t a0 appropriate
time is as effective on cell mediated 1D oxidation as i1 is
on Cu™-mediated axidation.

Lerclnldlplne proved the most potent 1.4-

tested in the assays bereln. its potency
being one ordar of magnitude higher than that of lacidipine,
the most potent of the 1.4-dihydropyridine compounds pre-
viously knows t0 bave this activity.

Exumpie 10

Bffects on Blood Premsure {n Hypertensive Dogs

The asthyperteasive cffects of aral administration of
Jercanidipine and hts enantiomers were tested n renal hyper-
tensive dogs.

Male Beagle dogs weighing 12-13 ky. aging 1-3 years

%0 (Nosssa Allevamenti, Raly) were used. Chronic sustained

hypertension was Induced by bilateral rensl artery
constriction. sccopding 1o the Gokiblatt method “two-
kidney, two dip hypentension™. Under barhiharse anscsthe-
ala (35 mg/kg Lv.). during two different sargieal Ime~mn-

53 tlons one month apast from each other, both renal ancizes

were clipped with original renal sliver clips and sarowed by
about §0-70%. After two months from the Jast imervestion.
an experimestal regsl hypertension was produced apd the
animals were mulighic for the implanistion of a catheter

6 Under sodjum pexgobarbital ansesthesis (35 my/kg i.v.). in

sterile conditions. the dogs were catheterized by inserting an
Indwelling cannuls (PH 200 Clay Adams) imo the sscending
muwshummmmmm

exicriorized &t the back of the neck

was subcutanecusly
& filled with heparinized saline solution and fiushed daily to

prevent clotilng. Afier & woek recovery time from surpery.
the animals were connected 10 & HP 1290A pressure trans-
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" duter condectEd 6 & HP $805BCuirictamplifier of &

Hewlel! Packerd HP 7700 multichannel polygraph. to moai-
tor the snerial blood pressire Heart 7ate was manually
computed from the pressine trace.

All epimals were ahernatively treated with placebo., ler-
canidipine snd its (R)- and (S)- enantionexs. The drugs were
administered arally with a straight round aseptic tip catheter
(Pores Seript—Prance). The drugs were suspenaded ip aque-
ous 0.3% Mecthocel A4C plus Antifoarms M10 (10%). The
amount sdrministered was | ml/kg.

The mupending medicine was used as placeho. During

. the erterial blood presaure was

continuously recarded 30 min. before (basal values) and up
10 8 hours after drug administration.

Lercanidipine and (S)lercanidipine induced a dose-
related decvease In arterial blood The EDy, valucs
(dose Inducing 25% decrease i DBP at peak effect) were
memmmmmh

* the Table 4.
TABLE 4
Compound EDy (mg/ks) 95% C1.
Lacanidipise PNI+185
(B Laresnidipinn 0403 +07)
(RHacmidpins »30

CL. = Conldencs Tanits

The (S)-Lercanidiploe esantiomer excrted the most potest
antihypenensive action. This compound was too fold more
efScacious ot ing blood pressure than the racemate.
The (R)-coantiomex did pot wffect biood pressure up (o 30
mg/kg (<10% decrease In DBF).

Example 11A
High Tempantre Stress Stability
Lescanidipine hydrochlaride hemthydrate,

according %0 the procodure described in U.S PaiL No
4.705.791. was compared with anhydrous lercanidipine pre-

TABLE 3
Jiies Debifty m JOOU G,
p——— L 1. T
Compomnd Olr i an
Anbydrom 29,4 936 oS0
Hamibwydran 95 9233 90.98

From Table 5. it can be scen that the ashydroos form of
lercanidipine hydrochlaride exhibited superior stability over

5 the hydrated form.

Example 11B
Water Conlest st 75% Reladve Humidity

Ssmples of anhydrous lercanidipine bydrochloride and
lercanMipine hydrochloride hemfhydrate were placed in
opea polyethylene bags in flasks and heated. in the dark, =
60" C. aad 75% rclative humidity. The samples were

B checknd for hygroscopicity by determinazion of the water

content using the Koi-Fisher method. The samples were
tested at 8 and 15 days.

Mlﬂiﬂdn@hdhnh)‘dlmﬂlmm
hydrochloride hemiirydeate

30 hydrochloride and lercandipine

were placed in open palyethylene bags in flasks and hestod.
In the darkc. st 40° C apd 75% relative bumidiy. The
sampies were tested a3 described above at B and 15 days.

”mmu'mutnlhwnhm&

TABLE 6

Water Cogeny 31 79% Relethvs Hongklicy

Waler

~Sxmiet

0duyn Sdape 13 dayn

[+ o o Anbydroms on 0ss orn
Hembbydrme 142 400 404
@°C. Achpiom 028 030 a3
Flomilrydrage 14 e 303

From Table 6. it can be seen that the aphydrous lereant-

wwwwmmnmmm 50 dipine has 8 much lower tcadency to sbsarb water than the
hemihydrate

Cdun: m-Bondapak C-18 (Waters), pastide size 10
mm. 3003.9 mm 1d.

Bast: CHON (61%):0.15M NaClO, aquecus solution 33

st pH 3 (adjustied with HCIO,) (39%; viv)
Flation: isocratic
Flow: 1.5 mL/min
Temp. 25° C.
Detectar: UV (240 om)
Attesustion: 0.05 AUFS

The resulis. expressed as asssy % of the
presest. based on an HPLC analysis. are shown ia Table §

compound ¢5  said method

form. The lack of hygroscopicity Is advanis-

getous because the compound will remaia

unchanged. Thus, it will be easier to bandle during the

preparation and dispensing of pharmactantical formiilations.

The invention has been described above by reference to

prefered embodiments but, as those skilled In the art will
posaible all within the scope of the claims below.

@ We claim:

1. A method for preventing. reterding. or reducing ath-
erascierotic lesions or atherosclerotic degradation of mrierial
walls in a patient in neod thereof:

comprising, administering to a mammal in
need of sald preveation, retardation. or reduction. &
least one compound baving the formuls L

/1]
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0 Ar o
R
o o-A—ilt—cl:ll—mm
HC |'| CHy
H
wherein:
Ph is phesyl.

Ar Is: 2-aitrophenryl. 3-nitrephenyl, 2.3-dichiorophenyl or
benzofumzan-4-yl

A is a branched chaln alkylenc radical having from 2 to 6 -

carbon stama,

R js a straight or branched chain alky] radical having from
1 10 6 carbon stams, optionally mono-substituted by an
alkory substitucat havipg fram 1 to 6 carbon afoms.

R, Is hydrogen, hydronry, o an alkyl radical baving from 2

1 to 4 carhon sloma,
R, is bydrogen. or meshyl;
or an coantiomey of & compound having formula I: a

hydrated compound having formals I; a solvatad compound 54

having formuls I; & pharmacewtically acceptable actd add--
tion salt. or any of the foregoing.

2. The method according to claim 1. wherein the com-
pound having formuda 1 Is an R-cnantiomer.

3. The method accopding to claim 1. wherein the com-
pound havisg formula 1 is an S-esantiomer.

4. The method according 10 calm 1. wheein R Is methyl,
Ar is 3-nitroghenyl. R, is methyl and R, is hydrogen.

S. The method accarding 0 clalm 1. wheveln A s 23

—QOCHyr— Ol y— o —CB—C(CH,)—CH—
&. The method to clalm 1, wherein the com-

pound baving formula I {s methy! 1.1.N-trimethyl-N-(3.3-
diphexrylpropyl)-2 i
acid addition sak thersof.
7. The method according to claim 6. wherels the com-
pound having formia I is:

R-(~=)-methyl 1.1.N-trimethy}-N-(3.3-diphenylpropyl)-2-
sminoethyl 1.4-dlhydro-2.6-dlmethyl-4-(3-

nivophenyl)pyridine-3.5-dicarboxylate.
8. The method sccording to claim 6. wherein the com-
pound having formla I is:
N-(33

S5-(+)-methy! 1.1.N-trimethyl- ~diphenylpropyl)-2-
aminoethyl 1.4-dihydro-2.6-dimethyl-4-(3-

9. The method acconding to claim 1, wheyeln the dosage
of said compound {s from 0.1 to sbout 400 myg. per day.

16. The method according 10 claim 9. wherein the dosage 33

of sald compound is from ebout 1 to about 200 mg. per day.
11. The method accarding to caim 10, whereln the dosage
of said compound is from about 0.5 to abowt 100 mg. per

12 The method
manms] In aced of sald trestment suffers from bypertenaion.

13. The method accarding to claim 1 whevels sald mam-
mal ip peed of sald trestment does not suffer from hyper-
tension.

14. A nwthod for the treatment of atherosclerosis, sald ¢ treatment

method comprising. administering to a patient. in need of
such treatment, a compound having the formuls L

EMSDOCID: <UB__BYaT138A1_|»

wherein:

Fh is phesyl.

Ar 1z 2-aitropheayl. 3-pitrophenyl. 2 3-dichlorophesy] ar
benzofurazan-4-y1.

A is a branched chain alkylene radical having from 2 to §
carbon atoms,

R is a straight or branched chain alkyl radical having from
1 o 6 carbon stoms. optionally mowo-substinnted by an
alkoxy substituent having from 1 to § exxbos stams.,

R, Ls hydropen, hydroxy. or an alkyl radical baving from
1 10 4 caabon atoms.

Ry Is hydrogen. or methyl;

or sa epantiomer of a compound having formula I a
hydrted compound having farmula I; & solvated com-
pound baving formula I; s pharmaceutically scceptable
acid addition salt. or axy of the foregaing.

15. The method according to claim 14, whereln the

30 compound having famula I is an R-cnantiomer. .

16 The method to claim 14. whereln the
baving formula I is an S-cnantiomer
17. The The method accarding to claim 14. whereln R s

methyl. Ar is 3-nitropbenyl. R, Is methyl and R, s hydro-

18. The msthod according 1o claim 14, wherein A s

—O(CH )~ CH y— or ~(B—C(CHy)—CHy—.
19. The method sccarding 0 claim M. whereln the

14-dihydro-26-dimaethyl-4-  conpound having formula I is methyl 1.1.N-trimethyl-N-
(3-niuopheayl)pyridine-3.5-dicarboxylate or a 4 (3 3.diphenylpropyl)-2-amincethyl 1.4-dihydro-2.6-
pharmaccutically scceptable

dAimetiw}-4-{3-shrophenyl) pyridine-3.5-dicwrbarylale or s
pharmacseutically sccuptable acid sdédition salt thereof.
28 The method according to claim 17, whereln the

p. compound baviag formula I is:

R(~)methyl 1.1.N-trimethyl-N-(3.3-diphenylpropyl)-2-
aminoethyl 1.4-dihydro-2.6-dimethyl-4-(3-
nitropheayl)pyridine.3.5-dicarboxylme,

2L The method according to claim 1Y. wherein the

campound having formuls I is:

S-{(+>-methyl 1.1.N-rrimethyl-N-(3
aminoethyl 1.4-dihydro-2.6-dimcthyl-4-(3-

23, The method according to claim 22. wherein the dosage
of said compound Is from about 1 to about 200 mg, per day.
4. The method accandiag to daim 23. whereln the dosage

o clalm 1. wherels said go Of 88id compound ls from sbout 0.5 to about 100 mg. per

25, A method for reducing the migration of cells, reduciag
builld up of connective tissues, or preventing lipid scoumu-
lation Ia the blood vessels of a mammal in need of said
administering to mid mammal from
0.1 to abom 400 mg. per duy. of a compound having
Formula E
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Arla: . 3-ni L 23-di
z-n:qiml. aitrophenyl. 2.3-dichlorophenyl or
Als a branched chain alkylene radical having from 2 10 6
cxrbos mtoms,

R is a straight or branched chain alkyl radical having from
115 6 carboa atoms, opticnally mono-substiated by an
alkoxy subatituent baving from 1 to 6 carbon stoms,

R, i bydrogen. hydroxy. or an alkyl radical having fram
1 to 4 carbon atoms, and

R, is hydrogen. or methyl.

/L2
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ey)] ABSTRACT

Novel antihypertensive and coronary dilating asymmet-
tric diesters of 14-dihydro-2,6-dimethyl-pyridine-3,3-
dicarboaylic acid (or the sterecisomers or

cally scceptable acid addition salts thereof) have the
geaeral formula (1):

Ar
CO—A=—N--CHCHzCH(Phh
'Efj[s LL
N L= H
k

wherein Ph is phenyl, Ar is 2-nitropheny), 3-nitrophe-
nyl, 2,3-dichiordphenyl or benzofurazen-i-yl, A ia s
straight or branched chain alkylene radical having fram
2 to 6 carbon atoms, R is a straight or branched chain
alky] radical having from 1 to 6 carbon atoms, option-
olly mono-substituted by an alkoxy substitaent having
from 1 10 6 carbon sioms, R is hydrogen, hydroxy or
an alkyl radical having from 1 to 4 carbon atoms, and
R; b bydrogen or methyl. The subject diesters are fac-
flely prepared from the aldehydes ArCHO sod esters of
acetoacetic and 3-aminocrotonic acids.

m

8 Qsims, No Drawings
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1 4,705,797 2
wherein A, R, Rzand Fh are as defined sbove, or (b) a
— N-O3-DIFHENYLPROPYL}-AMINOETHYL- - nicalof the peneril formfili —AX Wherein A is as
14 ESTERS OF defined above and X is 2 halogen stom, snd then react-
1 nnunmm c":nncm'n""l‘! !momiwm 5 mhmfwmdm-mmuddﬂn

USE
BACKGROUND OF THE INVENTION 10 CH—C=CHOOOR ™)
FIELD OF THE INVENTION ll'llll

present invention relstes 1o novel asymmetric )
d:::ofu:dihyd:m;wndme-ss-dw wherein R is a8 defined sbove, to give a compound of
boxylic acid, 1o stereochemically isomeric forms and ;5 the Beneral formuls (VI):
pharmacentically acceptable acid addition salts thereof,
to processes far the preparation of same snd to pharma- Ar D

ceutical compositions comprised thereof. A COOR
. SUMMARY OF THE INVENTION 0
A major object of the present invedtion is the provi- NooGh
H

sion of novel asymmetric diesters of 1,4-dihydro-2,6-
dimethyl-pyridine-3 S-dicarboxylic acid, said diesters

having the following geaeral formula (I): 23 wherein Ay, R and Ar are as defined above, and, if A,
is the radical — AX as defined above, then couverting
Ar @  —AXto s mdical of the general formula (IV), also as
I VD Wi 2
] +) ‘-l Ry DETAILED DESCRIFTION OF THE
N an INVENTION
i " More particalarly according to the present invention,

. 35 1t will be appreciated thst s varicty of syntheses are
wherein Ph is phenyl, Ar is 2-nitrophenyl, 3-nitrophe- encompassed within the metes and bomds of the pro-
nyl, 23-dichiaropheny] or benzofurazan-4-yl, A # 8 ooy hereinbefore outlined. The reaction scheme to
mligsm«hmhdehlhllky!mrdiﬂlhvhgﬁm follow illustrates s mumber of same.

2 to 6 carbon atom, R js a straight or brenched chaln o  por example the diestens be prepared

dkylndinlhwh;ﬁmltoimbmmopﬁon- mh::.p:'ﬂmma;::ym)mhAl:y_
ally mono-substitnted by sm alkoxy substituent baving —AX] with an aidehyde (IT), rescting the condensate
from 1 to 6 carbon stoms, R, is hydrogen, bydraxy of ) i) o alkoyalkyl 3-antinocrotomate (V), and
nflkylndiulhviuﬁunltnl\arbunmuel“m ting the radical —AX of the resultam 1,4-diby-
:an:hmwﬂ“i':‘zm dropyridine derivative (VIb) [VI: Ay= —AX] 10 o radi-
l”l“‘ll Ial'tlnl t invention s the provi- = cal (IV) by resction with 3,3-diphenylpropylamine or &
mdnmhtﬁepﬂmdhmdm derivative thereof (VII). Alteratively, the radical (V)
!Illrllfmmﬂlmﬂmwm may be introdoced into the compound (T11) priar 1o ring

a compound of the genera] farmula (IT): formatian. This particular route begins with a com-
pound (VIII):

Ar=CHO am
whuﬁnhhnd:ﬁndmﬂﬂumddth” "’-‘r“,’"‘ﬂ‘ﬂm vim
genenal foromls (TIN: 1 B3

CH)COCH,C00A, @D  wherein Z is halogen or hydroxy and A, R, Rzand Ph

€ 4re a3 above defined. This is svailsble from the amine
wherein A ia elther (a) a radical of the general formula {VTI) by convextianal alkylation to introdnce baloalkyl

avx or hydroxyalkyl groap Z—A and reaction of the alkyl-
ated amine whh diketene. Compound (Ia) [I: Aj.
=A=N—CH—Cl—Cah av) © 1V} is condexsed with an aldehyde (IT) and the prod-

L | uct §s reacted with 8 3-aminocrotonate (V).

Thus, said reaction scheme may be represented ax:
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CHYCOCHICO0AX (11Tb) mll—cl:ll—alaum
R Rz v

an J{
Ar—CH=C—CO0AX z-a—tll—tl:ll—al;—cntnh
- K R vm
ﬂh—?-ﬂ'l—m
NH; (4]

y e lm

Ar—CH=C=—C00A=—N-=CH-—CH;CH(Ft})

v | 1 1
y o R’ M

(Cy=C=0)

The above reaction scheme inclodes s synthesis of the
pyridine ring. If a 1,4-dihydropyridine derivative (VIb)
is already present, it & only
with an aming (VII). Similarly, if a free acid of the

to condenae it 30

The LDsg of the componnds according to the inven-

tion was determined in the mouse, botk Lp. and per os,

to the method deseribed by C. S. Wel [Bio-
metrics, 8, 249 (1952)].

The sntihypertensive activity of the diesters accord-
ing 1o the invention was evalusted in male hypenensive
Ar o™ rats (SHR, Wister-Kyoto sirain, 15-25 weeks o}d). The

3s determination af blood pressure was performed by an

cooH indirect method (M. Gerald et al, Arzreim. Forsch, 18,

1825 {1968)]. The apimals were in a hesting

chamber at & temperature of from 35° C. 10 37" C. fora

N o pesiod of 15 minutes before determination. The

& 40 compounds tested by oral rovie were dizsalved or sus-

pended in a 0.59% methylcellulose solution. Contrals

were given only the vehicle. Systolic blood pressure

and heart rate were mesasured §, 3, 5 and 7 hours after

dmg administration by means of a tail-cuff and & pulse
trensducer.

Coronary dilating activity was evaloated in anesthe-
tized normotensive rats (weighing about 500 g), as the
themselves within the ambit of the invention. WhenXis  ability to sntagonize methacholine induced coronary
chlorine, they are prefersbly carried out in toluene or ~ #pas. Rats were jnstrumented for methacholine infu-
zylene under reflux, wheress when X ia bromine they 30 8ion into the coronary ostivm, while spastic activity was
may be carried out in dimethyliformamide st lowertem-  detected a3 ST segment elevaticn in Dy ECG recording
perstures. [K.Wud.lﬂamﬂd_.ﬁ,:_!ﬁ(l’ll)]:

The diesters () obtained may be purified according The compounds tested by Lv. infusion were dissolved
to methods known per se, and crystallized s sl from ~ In water: dimethylformamide (9:] by volume). Activity
suitahle solvems in porified form. The pharmacentically 55 Was detected s normalization of ECG tracing afier

compounds administration during methacholine infa-

formula (IX):

wherein R and Ar are a9 defined above is available, it is
only necesry to condense it with a (v,
or with a compound of the geners] formula YAX
wherein Y is balogen and A and X are ss above defined 45
to give a 1 A-dihydropyridine derivative (VIb) for con-
densation with sm amine (VII). These condensations are

. acceptable salts according to the tavention may be pre-

pared from the free basts in conventional memmer. Pre-
are those of hydrochloric, sulfaric, malelc, mecinic,
citric, methenesnlfonic and tolnenesolfonic acids.

_Thedim(l)ndth:ir-lumwmm

tion possess valusble sctivity and are
also effective against coronary hesrt diseases. Accord-
ingly, the invention also com-

sion. The former test indicates that the diesters possess
wvaluable anmibrypertensive activities; according to the
methacholing test the componnds sccording to the in-

&0 vention sre also considered effective against coronary

heart diseases.
LDy mp/ky  EDay SHR EDsy
Compouad Ln o casmp/hy v ug/kg
o 123 m 13 m
n 19 15 &%
« 14 m 234 7] W

D5 L] &7 6 -]
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S 6
—Linmz  EDsSHR - EBBw tion from suitable solvents: BpLy or
Cosmpound i-p. o o mg/hg L] ethyl 2-chloroethyl 1,4-dihydro-2,6-dimethyl-4-(3-
nng : m 1-: - 5 llll;.. ben g-pyndme-l.s-dmyht& mp
2R m  am fes = () methyl 2-chloroethyl 1,4-dlhydro-2,6-dimethyl4-(2-
T ) - 0 34 = nitropheayl)-pyridine-3,5-dicarboxylate, mp.
EDzy = mulkypessemive activkey 118°-120° C;
o e _ 10 [ii] iscbutyl 2-chloroethyl 1,4-diliydro-2,6-dimethyl4-

G-ﬂ.lﬁoﬂﬂrl}ﬂﬂdﬂlﬂ-l-' ine-3,5-dicarboxylate, mp-

In order to further flustrate the present invention and 146°-152" C . )
the sdvantages thereof the fallowing specific examples  [iv] methyl J-ehlm-owopyl l.4-d_i|:ydm-2.6-dm:1hyl4-
are given, it being nnderstood that same are intended (3-nitropbenyl)-pyridine-3,3-dicarboxylate, mp.

caly as Hustrative and in sowise Emitative. 1B 48146 C;
EXAMPLE 1 [v] methyl 2-chloroethiyl 14-dihydro-2,6-dimethyl4-
(2,3-dichlorophenyl)-pyridine-3,3-dicarboxylate,

Preparation of l-methyl-2-chloroethyl a-acetyk3- m.p. 167-63" C,;

nitrocinnamate [vi] methyl 2-chloroethyl 1,4-dihydro-2,6-dimethyld-
A solution containing 12.2 g of 3-nitrobenzaldehyde 20 (bemxofurazan-4-yl)-pyridine-3,5-dicarbozylate, m.p.

and 14.3 g of I-methy}-2-chloroethyl acetoacetate in 80 117-118" C;

ml of toloene, maintained at 0°-5° C., was saturated  [vil] isobutyl 1-methyl-2-chloroethyl 1,4-dihydro-2,6-

with hydrdgen chloride gas. After two days at 20°-25° dimethyl4-(2,3-dichlorophenyl)-pyridine- 3,5-dicar-

Qﬂpr@ﬂﬂlhﬂmmﬁ'ﬂmwu boaylate, Jow-melting solid;

bubbling nitrogen through the solution. The toluene © [viji] 2-propoxyethy! 2-chiorocthyl I.:lihydm—l.t-

tisscl n dichl " Iuts dimethyl-4-(3-ni i ,S-dicarboxy-

cbtained v:l washed with wlt:rn|l nntttiileit was ll:!l.u mmn;'ﬂ Izmm.-l“m. c'ﬂ; mem.g 6-dimethy]

The orgamic phase which was scparated and dried, was fex] e cthl 142 g

then evaporated to dryness under vacunm 8t 20° C. The 30 1, 4o o

residne was erysiallived from 200 ml of isopropanol to

give 20.70 g of the title compoond, melting at 93°-96" C. EXAMPLE 3
pl:wsthnﬁ“;upm-uﬁydunduau:.: Preparation of methyl 4bramobuty] 1,4-dihydro-2,6-
the following compornds were also prepared: 3 T’Wﬂ?ﬁmﬁwhr‘_
0 3chloropropyla-acetylbuitrocinnamate, mp A Smpeasion comprising 3.96 § yA-dihydro-
35°-60° C.; yi-pyti-

Wﬁcﬂ&&ﬂdlﬂmm
y!
-a-acetyl-3-nitrocinnamste, m.p. 207gaf . A In 60 mj of dimethylf

[iv] 1-metbyl-2-chloroethyl a-acetyl-2,3-dichlorocims- b€ mixture was then cooled to room temperatore,

mate, oll; and poured into 400 ml of water and extracted with diethyl
[V} 2-chloroethyl-a-scetyl-8-(benzofurazan4-ylyacry-  tber: The cthereal extracts were then dried on anhy-
Iate, oil ’ drous sodinm snlfste and evaponted to dryness to give

These mixtares of lsomers 45 an ail which was purified by flash chromatography on
e e oo oo et *° ailica gel columne, employiag S chioroform and then

separating the components chloroform: ethyl acetate 57:3 by volome s eluent.
the The unitary TLC fractions (chioroform: ethyl acetate
EXAMPLE 2 9:1 by volume) were evaporated to give 11.75 g (84%)
Preparation of methy] 1-methyl-3-chloroethyl 1,4-diby- 50 of the tifle compound, m.p. 113°-118° C.
dro-2,6-dimethyl4-(3-nitrophenyl)-pyridine-3,5-dicar- EXAMPLE 4

A solotion ising 18.72 g of l-methyl-2chloro-  Prepamtion of methyl N-G3-diphenyl-l-methyl-
cthyl c-acetyl-Snitrocimumate, prepared as deacribed  propyl)-N-methyl-3amincethyl  _14-dihydro 26
in Example 1, snd 7.12 g of methyl 3-aminocrotonxte in 35 dimethyl-4-(3-nitrophenyl)-pyridine-3,3-dicarbazylate
48 ml of sopropancl was refluzed under stirring for 210 (compound 2202)
minutes. Aftsr cooling, the reaction mixture was evapo- A solution of 3.94 g of methyl 2-chloroethy] 1,4-dihy-
rated to dryness under vactum and the ofl thos obtained  dro-2,6-dimethyl-4-G-nitrophenyl)-pyridine-3,5-dicar-
was chromatngraphed on silics gel (200 g) nsing chioro-  boxylste and 478 g of 1,N-dimethyl-3,3-diphenyl-
form as eluent. Evaparating the fractions containing s 60 propylsmine in 12 ml of toluene was refluxed under
sole product (TLC, chloroform: ethylacetate 93:5) gave lﬁlrhsfalsthpopmﬂmmdthemﬁm
a thick qil, which was dissolved in diethyl ether. The  the mixture was diluted with diethyl ether and the LN-
solvent was then evaporated off at 20°-25° C. to give  dimethyl-3,3-diphenyipropylamine hydrochloride
15.75 g of the title compomnd, m.p. 95°-102° C., which  formed was collected by filtration. The filtrate was then
could be employed without further purification. 65 evaporated, and the crude product thos obtained was
Following the procedure described above, but seing ~ purified by repested chromstogrmphy on silica gel,
the appropriate 3-aminocrotonstes and the qacetyl  uging first chloroform, then chioroform: ethyl acetate
cinnamates cbtsined o3 reported in Example ), the fo)  (85:15 by volume) and lastly ethy] acetate as eluent. The
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purified product was dissolved in methanol and ctha-
nolic hydrogen chloride was added. The solotion was

phen iparboxylate, m.p. 123°-124°
C. (Com 4 P

filtered and evaporated to dryness. Repested washings - [vii] methyl N-(J.S-dlphmylprwyl)-N-meﬂwl-l-

with warm diethyl ether: acetone (982 by volome)

sfforded 2.98 g of the title compovnd, m.p. 113°-120°C. 3

Following the procedure described shove, but using
N-n:!hyl-!.!-dmhmylmyhme juxtesd of 1N-
dimethy)-3,3-diphenylpropylamine, methyl N-(3J3-
diphenylpropyl)-N-methyl-2-aminoethyl  1,4-dihydro-

aminoethyl  1,4-dibydro-2,6-dimethy!
zan-4-yI)}-pyridine-3,5-dicarbaxylate, m.p. ldl'-lﬁﬁ'
C. (compound 2344);
[ix] isopropyl N-(33-diphenylpropyl)-N-methyl.2.
aminoethy) 1,4-dihydro-2,6-dimethyl-4-{3-nitro-
)-pyridise-3,5-dicarboxylate, mp. 160°-164°

2,6-dimethy}-4-(3-nitrophenyl)-pyridine-3,S-dicarboxy- 10 G (compound 2350); and

late (2206), m.p. 108°~113" C. was prepared.
Thnmdmpmudbmhmpomwm
refer 10 the respective hydrochlorides.

EXAMPLE 3

Preparation of methyl N~(3,3-diphenylpropyl)-2-amino-
ethy! | 4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-pyri-
dine-3,5-dicarboxylate (componnd 1279)
A solution comprising 3.92 g of methyl 2-chloroethyl
}-4-(3-nitrophenyl)- pyridioe-
3,5-dicarboxylate and 9.50 g of 33-diphenyipropyls-
ming in 20 ml of xylene was refiuxed under stirring for
103 minutes. The mixture was then cooled. By dilution
with diethyl ether a seminolid compound was obtained,
sd it was separated from the liquid by decantstion. The
ruduewunuldwhhdmthyleﬂmntﬂ'—fc.nd
the supermatant was decanted. This procedure was re-
peated until s solid was obtained, and this was collected

onder vacoom. The residne was chromatographed on a
silica gel colomn (170 g) vsing & mixtare of chioroform

% yl-4-aminobutyl

[x] methyl N<(3.3-diphenylpropyl)-N-msthyl-2-amino-
ethyl  1,4.dihydro-2,6-dimethyl-4-(2-nitrophenyl)-
pyﬂdmn-!.s-dlmbmlm H20, m.p. 118°14 125° C.
{compound 2332).

All melting points of the compounds noted above
refer to the respective hydrochlorides.

EXAMPLE 6

Preparstion of methyl N-(3,3-diphenyipropyl)-N-meth-
1,4-dihydro-2,6-dimethyl-4-(3-nitro-
phenyl)-pyridine-,3-dicarbozylate (compound 2361)
A solution comprising 9.34 g of methyl 4-bromobutyl
lﬂ-dﬂlydm-l.‘-d!methyl-‘-ﬂ-nmophen D-pyridine-
3,5-dicarboxylate (prepared a8 described in Example 3)

25 and 5.0 g of N-methyl-3,3-diphenylpropylamine in 13

m) of dimethylformamide was maintained for 16 hours
at room temperature. The solution was then diluted
wlthzsoml of diethy] ether, and the marting amine

thos formed was collected by filtration.

and the organic solvent was removed under vacuum.
The oily residuc was then purified by flssh chromatog-
on silica gel columns vsing chloroform: scetone

raphy
and acetone s cluent. Pure fractions were combined (from X vohume) mixtnres
and the solvent was evaporatied off, The residue wm mﬁgbth:-’:my Tl..c): fm?:ﬂm
di-olwdhdmhv!ether-nd_hmlmdﬂmﬂ diethyl ether 1:1 by volume) under vacuum, an ofl was
diethy] ether was sdded. The sclid (3.92 ) was crystak gpypained. The cil was dissolved in methanol and the

in vacuo.

prepared: The solid residuc tus cbtained was dissolved in 300
muhmlwdlphnylmwl)-ﬂ-mhyl-l-mho- ml of methy] acetste and the solution flltered and slowl
ethyl  14dliydro-2,6-dimethyl+-C-uitrophenyl). (Hloted whin 900 ml of diethyl ether, matossising in e
wndne-ﬁ)-;dnmlm.np-m-m'c-(m-umhm.mgy;mdmﬂmmduw
pound 23 volume. The then stirred at 0" C.
[i] methyl N-(3,3-dipheny}-1.methylpropyl)-N-methy}- p.:;m wmn:uw;nm by ﬁl:m :4':;

1 1A-dibydro-2,6-dimethyl-4-(3-nitro-  fied,
C‘.MW(W A mp 113°-118° 7.0 g of the hﬁmm hemihydrue of the title
50 *-103" Obtaiped.
- I DN . compound, m.p. C, were

14-dihydro-2,6-dimeth EXAMPLE 7

propyl yH4-(-nitrophenyl)-
m.p. 100°-107° C. (com-  Preparstion of methyl N-(3,3-dipbenylpropyl)}-N-

G,
pound 2263) hydrozy-2-aminoethyl 1,4-dlhydro-2.6-dimethyl-4-(3-
] et N3 diphenylpropy-Nemcthy - 3 ;ﬁpﬁwm:.umwm (compomd

14-dihydro-2 6-dimethyl-4-(3-gitrophenyl)-
pyridine-3,3-dicarboxylate, m.p. 164"-167" C. (com-

dmliof
g of N-bydroxy-3,3-diphenylpropylamine in 17 m) of
dimecthyformamide.

14-dlhydro-2,6-dimethryl-4-(3-nitro- & 14-dihydro-2,6-dimethyl-4-(3

B i 1 Nedimethyl-N-(3,3-diphenylpropyD- 2-
lmoallyl'_

4.3 g of methyl 2bromocthy!
-nitrophenyl)-pyridine-
3, 5-dicarboxylate were added to the mixture. The mix-

phenyD-pyridine-3,5-dicarborylate, m.p. 114°-123°
C.(empumdml); ture was then maimpined in a nitrogen atmosphere and
[vi] methyl N-(3,3-diphenylpropyl)}-N-methyl-2-amine-  heated for 160 minutes at 105° C. After cooling, the
ethyl 1A-dihydro-2,6-dimethyl-4-(2,3-dichloro-  mixture was poursd int0 water and extracted with a
phesyl)-pyridine-3,5-dicarboxylate, mp. 161" C. & diethyl ether: ethy] acetate mixture. The organic layer
(compound 2306); waa wathed many thmes with water and then dried. The
[Vd]  isobmyl N-G.S-dlphmﬂprcpyD-N-nuhyl-z- solvent was evapewated off in vacuo. The oily residue
sminoethyl 14-dihydro-2,6~dimethyl-4-(3-nitro-  obtained wes pwrified firt by chromstograpby on a

SFEETAY | ~
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allica gel columm with ethyl acetate gradient in 1olnepe three times, 1o give 8.50 g of the bydrochloride of the
sod then-on-a-ilica-gel-column contxining ammenia st~ title compound, m.p. 93°=110"C.
3.5% by weight with sbout § N methanalic ammonia EXAMPLE 9
gradient in chloroform. The solid thus obteined was
dissolved in a 2:] by volume acetone: diethyl ether 5 Pre_plnlimd' 2,N-dimethyl-N-(3,3-diphenylpropyl)-1-

mixture and hydrogen chloride in diethyl ether was
added. The hydrochloride hemihydrate of the title com-
poend was filtered off, washed with and
dried at 100" C. and 0.5 mmHg for 1 hour. Yield 1.51 g,
mp. 100°-105" C

EXAMPFLE 3

Preparstion of methyl 1 N-dimethyl-N-@ 3-diphenyl-
propyl)-3-aminopropyl I 4-dihydro-2.6-dimethyl-4-(3-
itrophenyl)-pyridine-3,5-dicarboxyia ( "

2366)

A solution of 3.72 ml of 3-cxo-bot-1-ene was added
dropwine, over a period of 20 minmutes and such that the
tempersmure did not exceed 2°-3" C,, to a cooled salu-
" tionof 7.87 g of N. i
ml of diethy] ether. The solution thus obtained was
evaporated in vacno at room tempersture to give 103 g
of N-methyl-N- j
2-one (100%) as free base, shown 10 be practically pure
by TLC (chlorcform: methanol 9:1 by volume) which
could be nsed as such for forther resctions. This com-
pound could be transformed into the i
- hydrochloride (m.p. 133°-135° C) by treating the free

base with hydrogen chloride in diethyl ether, snd crys- o, rated off and the product purified by

tallizing the product thus obtained first from acetone:
ctby] acetate: j then from acetone.
To a solution of 9.16 g of the compound obtained as

the methanol was evaporsted off in vacno snd the resi-
due treated with water (about 100 ml) and diethy] ether
(sbout 100 ml). The water was then washed with di-
cthyl ether and the etheres! phmses

- vacuo, The product (925 g) thes obtained, N-methyl-

. N-(3,3-dipbenylpropyl)-4-amincbutan-2-0l, wms s red-

dish ofl unitary at TLC (chioroform: methanol $:1 by
volome). ¥

‘s i 43
jon comprising 7.44 g of the product fram

A suspension

the last step, 12.46 g of ] 4-dibydro-2,6-dimethyl-4-(3-
. Loyridine-3-carboxyil
ﬂl.?l;ofN.h_l" ' snd 054

§ of &-dimethylaminopyridioe in 50 mi of dimethyiform- 3 ]
temperature for 8 days. The  Preparation of 1,N-dimethyl-N-(3,3-diphenylpropyl)-2-

amide was stirred st room
spspention 'was then diluted with 450 ml of diethyl ether
and the N.N'-dicycichexylurea thus precipitated was
collected by filtration. The Altered solxtion was washed

lamine in 7 %

were combined, 4
: - dfied on ankydrous sulfic and evaporated to dryness in

A mimure of 1687 g of N-methyl-3,3-diphenyl-
propylamine and 3.1 ml of l-chioro-2-methylk2-
propanal in 20 ml of xylene was refluxed under stirring
for 8 hours. After at 15°-20" C,, the i

was diloted with diethy] ether and the starting amine
hydrochloride thus obtained was collected by filuration
The solvent wat removed from the filtrate in vacuo to

give aa ol which was then purified by flash chromatog-
ing chloroform

15 rephy om silica gel colomms, employing
with incressing

amounts of methanol as eluent. The
mnitary TLC fractions (chloroform: methanol 94:6 by
volnme) were evaporated to give 7.8 g of the title com-
pound as a brown ol

EXAMPLE 10
Preparation of N-methyl-N-(3,3-diphenylpropyl)-1-
smino-2-propans]

6.38 g of 1,2-epox was added to a solution of

ypropane .
25 22.5 g of N-methyl-3,3-diphenylpropylamine i 60 ml of

methanol. The salotion was meaintained at 15°-20° C. for
3 days, and then an additional 1.16 g of 1,2-epoxypro-
pane wa added. This solution was maintained for 24
ture. The methenol was evapo-

chromxtography
an a sllica gel column (methanal gradient in chloro-
form), 10 give 24 g of the title compound as colorless ail.

acctoacetate

A solntion of 13.10 g of the compound as prepared in
Example 9 in 10 ml of toluene was heated to 85° C. 3.6
ml of dikerene were added dropwise over a period of 10
mingtes, maintaining the below 100" C.
The solution was then heated for 2 hours at 80° C. After
cooling at 13°-20" C. the mixiure was evaporated in
vacuo and the oily residue was purified by flash chro-
matograpby on sllica gel colommns using chloroform
comtalning amounts of methanol as eloent.
The unitary TLC fractions (chioroform: methanol 953
by volome) were evaporated todryness to give 12.3 g of
the title compound =s a brown oil

EXAMPLE 12

acetoacetate
the procedure described in Example 11,

Following _
but neing the in Example 10 instead

with water (3X200 ml). The organic phase was dried 33 of that prepared in Example 9, the title compound was

and then evaporated off in vacoo. The cil thus

was purified by flash chromatography on silica gel col-
wnma cing chloroform: ethyl acetate mixtores (1:1 by
volume) a eluent. The fractions which were onitery st

obixined as an oil
EXAMPFLE 13
jon of 1,1, N-ri =N i

TLC (ethy] aootate) were evaporaied to give 2 semi- €0 2-aminoethyl a-acety]

solid residve. This residve was dissolved in diethyl.ether
sud the solotion thus obtained was filtered and acidified

Hydrogen chloride was bubbled Into & solution of
378 g of 3-aitrobenzaldelryde and 9.54 g of the com-

L]
L Y ]

with bydrogen chioride in diethy] ether to give a solld prepared in Example 11 in 25 m! of chlaroform,
which was collected by filtration. The solution of this  coonled at 0" C., vntil the solution was mtorated. The
solid In 200 ml of ethyl acetste was diluted with 600 m] 65 solntion was maintained for 3 days a2 15° C. It was then
aof ether, melnteining scetate: diethy] ether ratlo of 1:3  diluted with chloroform and washed with dilute aque-
by volume. The mixture was stired at 0° C. ontil 2 ows sodium hythroxide solution until newtral. The or-

RIDFY I AETETAY |
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off. ‘The solid thus obtained was dissolved in ethyl ace-  imobutyl 3-aminocrotonate, the hydrochloride hydrate

tate sud the solution was cooled st 0° C. A slightexcen of the title compound, m.p. 108"-118" C,, was obtained.
of hydrogen chlaride in dicthyl ether was added. The EXAMPLE 19
nl:dthuhmedwnuputdlyhnledmthdﬂh 1

ether 10 give 12.30 g of the title compound, m.p. 65°-80° 3 Preparstion of 2-propoxyethyl 1,N-dimethyl-N-(3,3-
C. The product was an E/Z isomeric mixture, and was dlﬂ:mylpmpyl)-z-mthyl 1,4-dihydro-2,6-dimeth-

nped as such in farther reactions. Pﬂﬂﬂm yl)-pyndme-a.s-dmrbmyhu {com-
EXAMPLE 14 ml"'ollmﬂ: the Procadure damp?:d in E:mzlre u::

Prepanstion of 1,N-dimethy}-N-(3,3-diphenylpropyl)-2- 10 compovnd of Example 14 instead

mhoﬂ::ln a-lne'rl:rl-}umnn?'mu y s of Ennpl: 15, the hydrochloride hemihydrate of the

Following the procedure described in Example 13,  title componnd, m.p, 85°-92° C., was obtained.

but nging the compound prepared in Example 12 instead EXAMPLE 20

of that prepared in Example 11, the title compound was .
obtained ofl. The E/Z isomeric 15 Preparstion of  2-propoxy-1,1-dimethylethyl 1,N-
itare, and was e ot mch i forther rescions, . imethybN-0,-pheayipropy)- 2 arooethy S

EXAMPLE 15 dh:bo:y_hte {compound
Preparation of 1,N-dimethy}-N-(3,3-diphenylpropyl)-2- Following the procedure described in Example 19,

., amimpethy] a-acetyl-2,3-dichlorocinnamate 20 but using 2-propoxy-1,1-dimethylethyl 3-aminecroton-

1 " procedure described In Example aie instesd of 2-propoxyethyl 3-aminocrotonate, the
u:m zg-'mmunumde I:mu ol";:- hydrochloride hemihydrate of the title compound, m.p.
pitrobenzaldehyde, the title componnd was obtained as 86°-95° C., was obtained.

lnoil-'l'heptodmwmwzmmkmnd EXAMPLE 21
s oued s mmch 2 Preparation of 2-propozyethyl 1,1,N-trimethyl-N-(3,3-
EXAMPLE 16 diphenylpropyl)-2-aminoethyl 1,4-dihydro-2,6-dimeth-
hm;m of methyl 1, liN-u'mahyl-N-(J,J-d:phnyl. J-;‘Illrr)phﬂlyl)-wnﬂmedﬁ-dm:buyhu (com-
propy Z-aminoethyl LY o-2,6-dimethyl4-( 30 Following the procedure described in Example 16,
u""-,,,""'""’n pyridine-3,3dicarboxylate  (compomnd ™y pging Ww?'hmu instend of

. methyl 3-aminocraotonate, the hydrochloride hemihy-
A solution of 1.37 g of methyl 3-aminocrotonate and . ane
10.29 g of the compound prepered in Example 131n 15 Soate, O the title compownd, m.p. §7°-52° C, ws ob-
mi of sopropancl was refluzed for 3 honry. The mixture 4,
mthmeonldzdevwﬂdmdw_mw;:h EXAMPFPLE 22
olly residu thus obtzined was purified by Prepantion of 2-propoxy-1,1-dimethylethyl 1,1,N-
chromatography on silics gel cohimns, using chloro-  ¢rimeehy]-N-(3,3-diphenylpropyl)-2-aminoethyl 14
form with incressing amomts of acetone as cloent. The dihydro-2,6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-
unitary TLC fractions (chloroform: acetone, 9:1 wmmm(mun)
volume) were cvaporated and the solid thus obtained Poligwing the procedure described in Example 16,
was dissolved in methanol. A slight exceiy of €thanclic gy psing 2-propoxy-1,]-dimethylethyl 3-aminocroon-
hydrogen chlorkie was added and the solution Wat  g2e instend of methyl 3-aminocrotonate, the hydrochlo-
evaporsted to drynem. The residoe was disolved in  ige hemihydrate of the title compound, m.p. 83°-91°
melndngmcvwmdhnmmmuc_wm
i While the invention has been described in terms of
of_'lNhydmhlmclﬂndSﬂdmmd various preferred embodiments, the skilled artisan will
lﬂdlllﬂ hlori 4-' 9 ' df  sppreciate thst varioms modifications, substitutions,
= oi.the title compound, m.p. 116 'C- cnziggions, and changes may be made without departing
ufthemlmvnﬁmbeliwwdwldyby
Preparation of isobutyl 1,N-dimethyl-N-(3,3-diphemyl- tllueopeufthehllawm;ehm
propyl)-2-aminoethy] 1,4-dibydro-2,6-dimethyl-4-(2,3- We claim:
dichlorophenyl)-pyridine-3,5-dicarboxylate (compound L Methyl N-(3,3-diphenylpropyl)-N-methyl-2-
23) 55 amimoethy! 1,4-dihydro-2,6-dimethyl-4-{benzofurazan-
Fallowing the procedure descyibed in Example 16,  4-y1)-pyridine-3,5-dicarboxylste, or a stereoisomer or
but ueing isobutyl 3-aminocrotonate instend of methyl wwm-ddmﬂtw
J-aminocrotonate snd the compound of Example 15 2 Methyl-N-(3,3-diphenylpropy)-N-hydroxy-i.
instesd of that of Exampie 13, the hydrochloride of the  aminoethy! §,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-
title compomnd, m.p. 162" lﬂ'(‘..wuohmed. 60 pyridine-3,5-dicarboxylate, or & stercoisomer or phar-
EXAMPLE 18 macentically acceptable acid addition salt thereof,
3. Methyl l.l.N-ulmethyl-N-(SJ-dlphellylpmpyl)-z-
Preparation of 2-propoxyethyl I.N-dlndh,l-N-G.!- aminoethyl 1,4-dihydro-2,6-dimethyl-4-(3-nitropheayl)-
diphenylpropyl)-2-amincethryl 14-dihydro-2,6-dimeth-  pyridine-3,5-dicarboxylate, or a sterecisomer or phar-
yi-4-(2,3-dichlorophenyl)-pyridine-3,5-dicasboxylate & macestically acceptable acid addition salt thereof.
(compound 2400) 4 z-l'rum-l 1-dimethylethyl 1,1, N-trimethyl-N-
Following the procedore described in Eaxmple 17,  (33-diphenylpropyl)-2-sminocthyl 1,4-dihydro-2,6-
but msing 2-propaxyethy] 3-aminocrotonate instead of  dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate,

BNSDOCHD: «UB  4TOBTWTAL 1>
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or s sterecisomer or pharmaceutically acceptable acid 7. A method of eliciting an antihypertensive or coro-

- addition salt.thereod. -nary-dilating.response-in 2 mammalian. organism, com-

5. A pharmacentical composition of matter for meas  prising administering 1o & mammalisn organism in need
an antihypertensive or a8 8 coronary dilator comprising  of such treatment a member selected from the group

unﬂmwwdﬂnﬂumda 5 consisting of
member selected from the group consisting of methyl N-G.S-d:phuylpmpyi)-ﬂ-mthyl-hmo-
N-(J.S-diphnylpmpyl)-N-nahyl-ﬂrmino- ethyl 14-dihydro-2,6-dimethyl-4-(benzoforazan-4-
4(benzofarnzan-4-

yI)-pyridine-3,5-dicarboxylate:
ylpyridine-3,5-dicarboxylnte; methyl N-G,l-dlph:nylptgpyl)-ﬂ-hydm_:y-zmino-
methyl N-(S.S-Gphaylpupyl)-ﬂ-hydm_ly-z-mﬂno- 10 elhyl 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-
1 1-4-{3-nitrophenyl)-

pyridine-3,5-dicarboxylate:
pyridine-3,5-dicasbox methyl l.lﬂﬂm,l;ﬂ-ﬂ-ﬂ}dmhﬂﬁmm
¥ ro-2,6-dimethyl-4-(3 -nitro-

i ine-3,5-dicarboxylate; and
phenyl)-pyridine-3,5-dicarboxylate; and 15 2-propoxy-l,1-dimethylethyl 1,1,N-trimethyl-N-(3,3-
3-propozy-1,1-dimetbylethyl 1,1,N-trimethyl-N-(3,3- diphenylpropyl)} 2-aminoethyl  14-dthydro-2.6-
diphenyipropyl)-2-aminoethyl  1,4-dihydro-2,6- dimethyl4-(3-pltrophenyl)-pyridine-3,5-dicar-
dmﬂhyH-(J-ﬂuuphmyl)-pyndme-l.S-dm boxylate;
oOr a sterenisamer or & pharmaceutically aceeptable acid

. a.mawmﬂm addition salt thereof.

addition salt thereof, and a pharmaceutically acceptable 8. A method of eliciting an antihypertensive or coro-

diluent or carrier therefor. nary dilating response in a8 mammalisn organism, com-
6. A pharmacentical composition of matter for use s~ prising adminidering to 8 mammalian organism in need

an antihypertensive or as 8 coronary dilator comprising  of soch treatmens

an smihypenengive or coronary dilsting amount of 23  methyl ll.N-umnhyl-N-{!.s-ﬂphnylmm-z-

methyl 1,LN-trimethy}-N-(3,3-diphenylpropyl)-2- mminoethyl  1,4-d3fhydro-2,6-dimethyl-4-(3-nitro-

sminoethyl 14-dihydro-2,6-dimethyl-4-(3-aitrophenyl)- phenyD)-pyridine-3,5-dicarboxylate; or & stereciso-

pyridine-3,5-dicarboxylate or s sterenisomer or pharma- mer or phanpaceutically acceptable acid addition

ceutically acceptable acid addition salt thereof, and a st thereol.

pharmacentically acceptable diluent or carrier therefor. 30 LR
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J <% | I'Date of manmng
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Applicants or agent's flle reference
26808PTWO IMPORTANT NOTIFICATION
Intsmationaj application No. intamational filing date (cnsmanthiear) Priorty date (danonthiear)
PCTEP0208699 05.08.2002 06.08.2001
Applicant

RECORDATI IRELAND LIMITED

1. The applicant is hereby notified that this Imernational Preliminary Examining Authority transmite herewith the
international preliminary examination report and ita annexes, if any, established on the intemational
application.

2. A copy of the report and its annexes, if any, is being tranemitted to the International Bureau for
communication to all the elected Offices. '

3. Where required by any of the elected Offices, the Intemational Bureau will prepare an English translation of
the report (but not of any annaxes) and will transmit such transiation to those Offices.

4. REMINDER

The applicant must enter the national phase before each elected Office by performing ceriain acts (filing
translations and paying national fees) within 30 months from the priority date {(or later in soma Offices)
(Article 39(1)) (see also the reminder sent by the Intemational Bureau with Form PCTABA01).

Whare a translation of the intemational application must be fumished to an elected Office, that translation
muet contaln a translation of any annaxes to the Intemational preliminary examination report. It Is the
applicant's responsibllity to prepare and fumnish such translation directly to each elected Office concemed.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the
PCT Applicant's Gulde.

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described In Article 33(2) to (4) merely serve the purposes of intemational
preliminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of daclding whether, in that State, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for
snabling disclosure, clarity and support for the claims,

N-mnrldmlllnrmamelnhmaﬂnml Authortzed Otticer
preliminary axamining authority:
EuropunMngl‘l Office Parmiche, S _J
D-80288 Mun
Tcl.maauzau-oncmesaepmu Tel. +49 60 2399-7800 )
Fax: +49 B8 2309 - 4466 v

Form PCTAPEA/418 (July 1982)
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intemational application No. Intemational fiing date (dayinonthiear) Priottly data (dawinontiviear)
PCT/EP0208689 05.08.2002 06.08.2001
intemetional Patent Classification (IPC) or both national classiication and IPC
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Appiicant

RECORDATI IRELAND LIMITED

1.  This intemational preliminary examination report has been prapared by this International Preliminary Examining
Authority and Is transmitted to the applicant according to Article 38.

2. This REPORT conslsts of a total of 6 sheets, Including this cover shaet.

63 Thisreportis also accompanied by ANNEXES, Le. sheets of the description, claims andbr drawings which have
besn amended and are the basls for this report andbr shests containing rectifications made before this Authority
{see Rule 70.18 and Section 607 of the Administrative Instructions under the PCT).

These annexes consist of a total of © sheels,

3. This report contains Indications relating to the following tems:
|

Basls of the opinion

Il O Priodty
. Il O Non-establlshment of opinion with regard to novelty, inventive step and industrial applicablity
IV O Lackof unity of invention
V B Reasoned statement under Rule 88.2(a)(ll) with regard to novelty, inventive step or Industrial applicability;
citations and explanations supporting such statement
VI 0O Coertain documents cited
Vil O Coertain defects In the Intemational application
Vil [0 Cerialn observations on tha intemational application

Datn of submission of the demand Duie of completion of this report
04.03.2003 26.08.2003
Name and malling addrese of the intamational Authorized Officer
preliminary examining authority:
Europnnh:mm’“n: Office
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Fax: +48 80 2300 - 44656 Telaphone No. +49 89 2398-7814
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INTERNATIONAL PRELIMINARY
EXAMINATION REPORT Intemational application No. PCT/EP0208699

1.

Basls of the report .
With regard o the elements of the intamational application (Replacement sheets which have been furnished to

the receiving Office in rasponse to an invitation under Article 14 are referred to in this report as "originally filed"
and are not annaxed to this report since they do not contain amendments (Rules 70.16 and 70.17)).

Description, Pages
1-55 as originally filed

Claima, Numbers

1-74 received on 29.07.2003 with letter of 28.07.2003
Drawinges, Sheets
119-18A19 as originally flled

With regard to the language, all the elements marked above were avallable or fumished to this Authority in the
language in which the intemational application was filed, uniess otherwise indicated under this item.

These elements were avallable or furnished to this Authority in the following language: , which is:

O the language of a transiation fumished for the purposes of the intemational search (under Ruie 23.1(b)).
00 the language of publication of the Intemational application (under Rule 48.3(b)).

O the language of a translation fumished for the purposes of intemational preliminary examination (under
Rule 55.2 andbr 55.3).

. With regard to any nucleotide and/or amino acld sequence disclosad in the Intemnational application, the

intemational preliminary examination was carried out on the basis of the sequence listing:

contained in the imtemational application in written form.

filed together with the intemational application in computer readable form.
fumished subsequently to this Autharity in written form.

fumished subsequently to this Authority in computer readable form.

The statement that the subsequently fumished written sequence listing does not go beyond the disclosure
in the intemational epplication as filed has been furnished.

The statement that the information recorded in computer readable form is identical to the written sequence
listing has bean fumished,

The amendments have resulted in the cancellation of:

O OoO0ooOooOoaQ

O the description, pages:
O the claims, Nos.:
O the drawings, sheets:

Form PCTAPEA/408 (July 1999)
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5. 00 This report has been established as if (some of) the amendments had not been made, since they have
been considered to go beyond the disclosure as filed (Rule 70.2(c)).

{Anyrgphcmmmwonminingswhamandnemsmusrbomfemdromderﬂam 1 and annexed to this

6. Additional observations, if necessary:

V. Reasoned statement under Article 35(2) with regard to novelity, Inventive step or Industrial applicabliity:
clitations and explanations supporting such statement

1. Statement
Novaelty (N)

Inventive step (IS)

Industrial applicability (IA)

2. Citations and explanations
so0 soparate sheet

Form PCTAPEA/400 (July 1968)

Yes:
No:

Yes:
No:

Yes:
No:

Claims
Claims
Claims
Claims
Claims
Claims

1-22, 25, 26, 28, 31-60
23, 24, 27, 29, 30, 61-74

1-74
1-74
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Be ltem V

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1: LEONARDI, AMEDEO ET AL., EUROPEAN JOURNAL OF MEDICINAL
CHEMISTRY (1998), 33(5), 389-420, XP004127371

D2: WO 97 03669 A (RECORDATI S.A., CHEMICAL AND PHARMACEUTICAL
COMPANY, SWITZ.;RECORDATI) 6 February 1997

D3: WO 96 35668 A (RECORDATI S.A., CHEMICAL AND PHARMACEUTICAL
COMPANY, SWITZ.;RECORDATI) 14 November 1996

D4: MCCLELLAN K J ET AL.,DRUGS, ADIS INTERNATIONAL LTD, AT, vol. 5, no.
60, Nov. 2000, pages 1123-1140, XPO0B001723 ISSN: 0012-6667

D5: US-A-5 767 136 (TESTA RODOLFO ET AL) 16 June 1998; cited in the
application

D6: US 596 139 A (RECORDATI SA) 9 December 1997; cited in the application

D7: US-A-4 705 797 (NARDI DANTE ET AL) 10 Nov.1987; cited in the application

1. Novelty, Article 33(2) PCT:

The present application concems the different polymorphic forms of lercanidipine
hydrochloride, the processes for their preparation and their use as antihypertensive agents.
. The processes of new claims 3 and 12 can be considered to be novel over the above cited
prior art documents since the isolating step ¢) which comprises respectively the steps i-vili)
and P-viil’) has been defined more accurately and renders the processes new over the prior
an.
Consequently, the processes of present claim 3 and 12 and the dependent claims 4-22
have not been anticipated by D1-D7 and can be considered to be new.
The crude lercanidipine hydrochloride solid forms (A) and (B) of present claims 1 and 2 are
characterised by the specific ethyl acetate contents. According to the Applicant's letter,
these compounds can only be obtained according to the new processes 3 and 12 and
should not be seen as impure forms but as intermediates products permitting to obtain the
pure crystalline form () and (ll) of lercanidipine hydrochioride. Thus, the subject-matter of
claims 1 and 2 is considered to satisfy the criteria of Article 33(2) PCT.
The method for producing lercanidipine hydrochloride crystaliine form (i) of claim 42, 48
and 52 have not been anticipated by the prior art documents: present claim 42 differ from

Form PCT/Separate Sheet400 (Sheet 1) (EPO-Aprll 1887)
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the known processes because of the use of acetonitrile as solvent for the recrystallisation,
claim 48 because of the step "), in which the solution should be cooled to a temperature
between 20 and 40°C and claim 52 because of the protic polar or aprotic dipolar solVent—_
containing up to 50% by weight of water. .

Thus, the subject-matter of claims 25, 26, 42-60 are new. /

As mentioned in the Applicant's letter dated the 28.07.2003, Example 1 of D3, Example
3 of D5 comrespond to Example 3 of D2 and describe the preparation of lercanidipine
hydrochloride (with M.p. 186-188°C) starting from the acyl chloride and the aminoalcohol
compounds in dichloromethane and DMF, followed by the working-up in ethyl acetate and
the recrystallisation from either absolute or 99% ethanol.

The crystalline hydrochloride form (!) of claim 23, prepared according to the method of
claim 27 seems therefore to be anticipated by D2, D3 and D5 : even if the physical data
characterising the crystalline form (I) in claim 23, 24 or 73 have not been disclosed in the
prior art document, it is assumed that the process as disclosed in claim 27 corresponds in
fact to a recrystallisation with a C,-C; alcohol solvent containing a max. of 5% water. Since
it is not sufficiently clarified if the crystalline hydrochloride form (l) of present claims 23, 24
and obtained according to present claim 27 is different to the compound of the prior art D2,
D3 and D5 it is considered that crystalline hydrochloride form (1) of claims 23, 24 and 27
is the same as the compound of D2, D3 or D5 just defined in other wording : a further
definition of the same compound by further parameters is insufficient to establish novelty.
Thus, compound-claims 23 and 24, process-claims for their preparation and their use as
antlhypertensive agents in claims 61-74 are not considered to meet the requirements for
novelty of article 33(2) PCT.

2. Inventive step, article 33(3) PCT:

The problem to be solved by the present invention may be regarded as to develop
different processes in order to obtain different polymormphic forms of lercanidipine
hydrochloride, which are useful as antihypertensive agents.

Prior art document D2 is already considered to provide a solution to the above mentioned
technical problem because it also discloses the preparation of lercanidipine hydrochloride
crystalline form. The difference of the subject-matter of the claims 23, 24 and 27 vis-a-vis
the state of the art is not at present apparent and appropriate information to clarify where
an inventive step lies is missing in the present application (e.g. comparative data with the
compound obtained according to D2).

Furthermonre, it is considered as common technical knowledge to obtain different

Form PCT/Separale Sheet/409 (Sheet 2) (EPO-April 1997)
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polymorphic forms of a compound by changing the crystallisation conditions like the nature
of the solvents or the temperature.

The problem underlying the present application is therefore to be seen the provision of
crystalline forms having unexpected advantageous effect with regard to the prior art.
Indeed, the crude forms (A) and (B) claim to have a higher solubility a faster drying rate
and a simplified crystallisation process in comparison to the known crude form (C).
Howsver, there Is no evidence of such advantages in the application.

Additionally, crystalline forms (I) and (ll) are claimed to be obtained with a higher purity and
uniformity which also allows a better dosage forms. However, there is neither an indication
in the present application that the form (l) is indeed more suited for inmediate release
formulations and dosage forms nor that form (ll) shows a higher bioavailability in
comaprison to the crystalline compound disclosed in D2 .

In the absence of evidence of such unexpected effect, the present application cannot be
considered to involve an inventive step and does not meet the requirements of Article 33(3)
PCT.

Form PCT/Separate Shaet/400 (Sheet 3) (EPO-April 1867)
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CLAIMS .

1. Crude lercanidipine hydrochloride solid Form (A), having a melting point of
about 150-152°C (DSC peak) and comprising about 3-4% (w/w) ethyl acetate.

2. Crude lercanidipine hydrochloride solid Form (B), having a@ melting point of
about 131-135°C (DSC peak) and comprising about 0.3-0.7% (w/w) ethy! acetate.
3. 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-nitrophenyt)-1,4-dlhydropyridine-
3-carboxylic acid with a chloride selected from the group consisting of thionyl
chloride and oxalyl chioride In an aprotic dipolar solvent and an aprotic polar
solvent to produce the cormesponding carbonyl chloride;

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

¢} isolating the crude lercanidipine hydrochloride of step b and recovering crude
lercanidipine hydrochloride Form (A), '

wherein step (c) consists essentially of the following steps:

i. washing the crude lercanidipine hydrochloride of step b) with water;

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

liil. concentrating the mixture of step il} and adding solvent to pmduda a
suspension having about the same volume as the Initial volume of the
mixture of step i) and a water content, according to Kard Fischer, of
between 0.10 and 0.15%;

lv. cooling the suspension obtained in step lil) to obtain a solid;

v. filtering the solid from step iv);

vi. re-suspending the solid of step v) in ethyl acetate;

vil. cooling the suspension of step vl) ; and

vill. fitering and drying the precipitate of step vii) to produce the crude
lercanidipine hydrochloride Form (A).
4. The method of claim 3 wherein the reacting step b) Is conducted at a
temperature between -5 and +5°C.
5. The method of clalm 3 wherein the chloride in step a) is thionyl chioride.

[AMENDED SHEET!
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6. The method of claim 3 wharein in step c) il} comprises removing the water from
step c) ) by azeotropic distlllation under vacuum within the range 200-300 mm Hg,
at a temperature not higher than 80°C, to produce a mixture.

7. The method of claim 3 whereln the resuspending step c¢) vi) comprises stirring at
80-65°C for about 1 hour. ' .

8. The method of claim 3 wherein the drying In step ) vill) Is In an oven at 70°C.

9. The method of claim 3, wherain the washing step c) i) Is with water; the mixture
in step c) i) Is concentrated to 1/3 of its initial volume and solvent is added to
produce a suspension having about the same volume as the initlal volume of sald
mixture; and the water content of salid suspension according to Karl Fischer , Is
between 0.1 and 0.15%.

10. The method of claim 3, wherein cooling in step c) lv) Is carried out up to a
temperature within the range of 0-5°C.

11. The method of claim 3 wherein cooling in step vii) is cammied out up to a
temperature within range of 5-10°C. '

12, A method of producing the crude lercanidipine hydrochloride Form (B) of claim

2, comprising the steps of:
a) reacting 2,6-dimethyl-5-methoxycarbonyl-4-(3-nitrophenyl)-1,4-dihydropyridine-
3-carboxylic acid with a chloride selacted from the group consisting of thionyl
chloride and oxalyl chioride In an aprotic dipolar solvent and an aprotic polar
solvent to produce the comesponding carbonyl chioride;
b) reacting, In-situ, the chloride of step a) with 2, N-dimethyl-N-(3,3-
diphenylpropyl)-1-amino-2-propyl alcohol to vyield crude lercanidipine
hydrochloride; and
¢} Isolating the crude lercanidipine hydrochloride of step b) and recovering crude
lercanidipine hydrochloride Form (B), wherein step (c) consists essentially of the
following steps:
I') washing the crude lercanidipine hydrochloride of step b) with water,
ii'") removing the water from step i’) o produce a mixture having a water
content of about 2%, measured according to Karf Fischer;
i) concentrating the mixture of step II') and élddlng solvent to produce a
solution having about the same volume as the initlal volume of the mixture

b.SHE
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o step ii') and a water content, according to Karl Flscher, of between 0.9
and 1.1%;
iv') cooling the solution of step IiI') to obtain a solld;
v') filtering the solid of step iv');
vl') re-suspending the solld of step v') in a solvent;
vil') cooling the suspension of step vi'); and
vii') filtering and drying the solid obtalned to produce the crude lercanidipine
hydrochloride Form (B). '

130

13. The method of claim 12 wherein the reacting step b) Is conducted at a-

temperature between -5 and +5°C.

14. The method of clalm 12 whereln the chioride Is thionyl chioride.

15. The method of claim 12 whereln step c) iI') comprises removing the water
from step I') by azeotropic reflux to produce said mixture.

16. The method of clalm 12 wherein step c) iii'") comprises concentrating said
mixture to 3/4 of its Initial volume,

17. The method of claim 12 wherein said solvent in steps c) ill') and vi’) is ethyl
acetate.

18. The method of claim 12 whereln the step c) Iv') comprises cooling the solution
to a temperature within the range of 0-5°C. )
19. The method of claim 12 wherein sald step ¢) vi') further comprises stirring the
suspension at 60-65°C for about one hour.

20. The method of claim 18 wherein sald step c) vii') further comprises cooling the
solid to a temperature between 5 and 10°C.

21. The method of claim 12 wherein said drying In step vill') Is In an oven at
approximately 70°C.

22. The method of any one of claims 3-21, whereln sald aprotic dipolar solvent is
dimethyiformamide and said aprotic polar solvent is ethyl acetate.

23. Isolated lercanidipine hydrochloride crystalline Form (1), which has the X-ray
diffraction pattern, at wavelength Kg, as shown in Figure 11.

24. The lercanidipine crystalline Form of claim 23, whersein distances, (I/lo) ratios,
and 2 8 angles of significant peaks in Figure 11 are:

P R B R R oI e
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D (X) Relative Intensity (I/lo) |2 @ angle
16.3 83 5.4

6.2 47 14.2
4.78 29 18.8
4.10 63 21.7
4.06 36 21.9
3.90 100 228

13

" 25. Isolated lercanidipine hydrochloride cryatalline Form (ll), which has an X-ray
diffraction pattern, at wavelength Kg, as shown in Figure 12.

26. The lercanidipine crystalline Form of claim 25, wherein distances, (I/lo) ratios,
and 2 8 angles of significant peaks in Figure 12 are:

D (X) Relative Intensity (I/lo) |2 8 angle
8.3 35 9.5

8.0 45 - 14.7
5.49 65 16.1
4.685 52 19.1
4.27 74 "120.8
3.81 41 234
3.77 100 23.68
3.58 44 24.8
3.54 29 25.2

27. A method of producing lercanidipine hydrochloride crystalline Form (), as
claimed In anyone of claims 23 and 24 , which comprises:
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;
@) cooling the solution of step d) and stiring until the concentration of lercanidipine

hydrochloride dissolved in the crystallization solvent Is s 2%; and

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

(AMENDED SHEET,
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28. The method of claim 27, whereln step f) comprises filtering the solid obtained
from step &), washing the solid with Isopropanol and re-filtering the solid before
drying.

29. The methad of claim 27 wherein the alcohol of step d) Is selaected from the
group consisting of isopropanol, ethanol and anhydrous ethanol.

30. The method of claim 27, wherein the crude Form Is lercanidipine hydrochloride
crude Form (A), lercanidipine hydrochloride crude Form (B) or lercanidipine crude
Form (C) .

31. The method of claim 27 wherein sald step d) further comprises filtering the
heated solution. '

32. The method of claim 29 wherein when the C1-C5 alcohol Is isopropanol said
step @) comprises cooling the solution to a temperature between 30 and 40°C.

33. The method of claim 32 whereln said step e) further comprises stirring for a
period of time of 12-48 hours.

34. Tha method of claim 27 wherein sald drying in step f) takes place in an oven.
35. The method according to claim 29, wherein when the C1-C5 alcohol is ethanol
it comprises the following steps

|32,

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

stirring and cooling to 20°C and adding crystalline seeds of Form (1);

") further cooling the seeded mixture of step d') and stirring untli the concentration
of lercanidipine hydrochloride dissoived in the crystaliization solvent is £ 2%; and
f) recovering the solid of step e’) to form lercanidipine hydrochloride Form (l).

36. The method of clalm 35, 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 1:8.

37. The method of claim 35 whereln said ratio Is 1:4.

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

38. The method of claim 35 wherein cooling in said step e') Is carrled out up to a
temperature between 10 and 15°C.

40. The mathod of claim 35 wherein the drying in sald step f) takes place In an
oven at 70°C. -
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41. The method of claim 35 whereln authentic seeds of lercanidlipine Form (I) are
added at the end of cooling In steps e’) and d').

42. A method of producing lercanidipine hydrochloride crystalline Form (ll), which
has an x-ray diffraction pattern, at wavelength Ka, as shown in Figure 12, as
claimed in anyone of claims 25 and 26 the method comprising the steps of:

d") adding acetonitrile to lercanidipine hydrochloride and heating the mixture thus
obtained to form a solution;

e") cooling of the solution of step d*) and stiming unill the concentration of
lercanidipine hydrochloride dissolved In the crystallization solvent Is < 2%; and

") recovering the solid of step e°) and drying said solid to produce the
lercanidipine hydrochloride Form (Il).

43. The method of claim 42 wherein said step d") comprises heating said mixture
under reflux with stirring. ]

44. The method of clalm 42 whersln said stap e°) comprises cooling the solution to
room temperature.

45, The method of claim 42 whereln said step e”) comprises stirring the solution at
room temperature for 24 hours.

48. The method of claim 42 wherein drying step ) takes place in an oven.

47. The method of claim 42, wherein the crude Form is lercanidipine hydrochloride
crude Form (A), lercanidipine hydrochloride crude Form (B) or lercanidipine crude
Form (C).

48. A method of producing lercanidipine hydrochloride crystalline Form (I}, which
has an X-ray diffraction pattern, at wavelength Kpt, as shown in Figure 12,
according to anyone of claims 25 and 28, which comprises:

d™) adding ethanol or Isopropanol with a water content below 10% by weight to
lercanidipine hydrochloride and reﬂuxlnb fo produce a solution;

e™) cooling the solution fo a temperature between 20 and 40°C and stirring until
the concentration of lercanidipine hydrochloride dissolved in the crystallization
solvent is s 2%; and

") recovering the solid produced In step e™) to produce lercanidipine
hydrochloride Form (ll).

49. The method of claim 48 wherein ethanol Is added in sald step d™).
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50. The method of claims 48 wherein the water content of the solvent in step d™) is
betwaen 5 and 10%.

51. The method of claim 48 wherein step ) comprises filtering said solid and
drying In an oven.

52. A method of producing the [ercanidipine hydrochloride crystalline Form (l1),
which has an x-ray diffraction pattem, at wavelength Ka, as shown in Figure 12,
according to anyone of claims 25 and 268 which comprises:

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™) stiming the solution of step d™) until the concentration of lercanidipine
hydrochloride dissolved In the crystallization solvent is < 2%; and

™) recovering the solid of step e™) to produce lercanidipine Form (l1).

53. The mathod of claim 52, further comprising irradiating with ultrasound and/or
adding crystalline seeds of Form (I} to step e™).

54. The method of claim 52, further comprising adding up to 60% water to the
solution of step d™).

55. The method of claim 52, wherein the protic polar solvent is an alcohol solvent.
56. The method of clalm 52, whereln the alcohol solvent is selected from the group
conslsting of methanol, ethanol, n-propanoil, isopropanol.

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

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

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

60. The method of claim 52, wherein drying in sald step ) takes place at 70°C.
61.An antlhypertensive phammaceutical composition comprising (1) crystalline
lercanidipine hydrochloride and optlonally other forms of lercanidipine, wherein the
crystalline lercanidipine hydrochloride is seiected from the group consisting of
lercanidipine hydrochloride crystalline Form (I}, lercanidipine hydrochloride
crystalline Form (ll) and combination thereof comprising a predetermined content

)

o
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of each crystalline form, and (2) at least one compaonent selected from the group
consisting of a pharmaceutically acceptable carrier or diluent, a flavorant, a
sweetener, a preservative, a dye, a binder, a suspending agent, a dispersing
agent, a colorant, a disintegrant, an excipient, a lubricant, a plasticizer, and an
edible oil.

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

63. The unit dosage form of clalm 62 whereln the dosage form Is a lercanidipine
immediate release dosage form.

64. The unit dosage form of claim 62 wherein the dosage form is a lercanidipine

sustained release dosage form.

65. The unit dosage form of claim 64 wherein the dosage form comprises a
lercanidipine immediate release phase and a lercanidipine sustained release
phase.

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

67. The unit dosage form of claim 86, wherein the composition comprises 1 to
200 mg lercanidipine hydrochloride.

68. The unit dosage form of claim 87, wherein the composition comprises 5 to 40
mg lercanidipine hydrochloride.

69. An antihypertensiva composition comprising predetermined amounts of
lercanidipine hydrochloride crystalline Form (I) and lercanidipine hydrochlaride
crystalline Form (il)

70. The antihypertensive composition of claim 69 wherein the lercanidipine
hydrochloride crystalline Form (I) has a melting point of about 187-201°C and the
lercanidipine hydrochloride crystalline Form (i) has a melting point of about 207-
211°C, when said melting points are determined as DSC peaks.

71. The antihypertensive composition of claim 68 and 70, wherein the ratio of form
(1) to form (l1) is between 1.9 to 9:1.

72. The antihypertensive composition of claim 71 wherein the ratlo of Form (I) :
Form (ll) is selected from the group consisting of 9.1, 7:3 1:1, 3:7 and 1:9.

73. The isolated lercanidipine crystal Form of any one of claims 23, 24, 25 or 26

[P L e " T )
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comprising an average particie size of D (50%) 2-8 ym and D (90%) < 15 pm.

74. The antlhypertensive pharmaceutical composition of claim 62 whereln sald
lercanidipine hydrochloride crystalline Forms (I) and (ll) each have an average
particle size of D (50%) 2-8 pm and D (80%) < 15 pym.

AMENDED-SHEET,
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| Box No.V1  PRIORITY CLAIM

The priority of the following earlier applicatian(s) is hereby claimed:

Filing date Number ‘Where carlicr application is:

of corlier application of earlier application national application: - - . . 1t
. . onal epplication:* | international application:
(day/month/vear) coumgrf %hﬂ Ww Offics receiving Office

item (1)
£06.08.01) MI2001A001726 m
s

nL Q“ﬂ Zonl
ftem (2)

item (3)

item (4)

item (5)

@

[] Further priority claims are indicated in the Supplemental Box.

The receiving Office iy requesied to prepare and transmit to the Internationa] Buresu a certificd copy of the earlier application(s) fondy
if the eariier application was flled with the Office which for the purpasex of this inernational application is the receiving Office) identified

sbove as: '
[] atitems [Jitem() [] #wem@ [J item® [J tem@ [J item(®) Dg:ﬂ:mnu.
* Where the earlier application is an ARIPO lom, indicate af least one country party 1o the Paris Convertion for the Protection of

Industrial Property or one Member of the World Trade Orgunization for which that eariier application was filed (Rude 4.10(0)(): . . ..

Box No. V11 INTERNATIONAL SEARCHING AUTHORITY

Cholee whnﬂoml hg}:g Authority (lpm {if two or more International Searching Authorities are competent to carry out the

iwo-letter code may be ured):
7 N O
Request to use results of earlier search; reference to that search ({f an eariier rearch has been carried ot by or requested from the
.| intermational Searching Authority):
6 Datz (day/morthear) Number Country (or regional Office)

Box No. VIII DECLARATIONS

The following declarations are contained in Boxes Nos. VIII (i) to (v) {mark the applicable Number of
check-boxes below and indicate in the right column the mumber of each ype of declaration): declarations
D Box No. VI (i) Declaration as to the identity of the inventor

D Box No. VIII (ii) Declaration as to the applicant's entitlement, a3 ot the intemational filing
date, to apply for and be granted a patent

D Box No. VI (jil) Declaration u 10 the applicant’s entitlement, as at the international filing
. . date, to claim the priarity of the earlier application

[] BoxNo. VI (i) Declaration of inventorship (only for the purposes of the designation of the
United States of America)

D Bax No. VIII (v) Decleration a3 to non-prejudicial disclosures or exceptions to Iack of novelty
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1 :
ahstract : 1
drawings . 19 | 3- [0 stement explaining lack of signature :
Subetotal nomber of shests : oa | M mwdoamem(u)ldenuﬁedmnmﬂo Vias _ ]
mo:m 7. trensistion of international application into
%,“m ) mdn (omguage): ....coviievinerrannaneannaannnnnannnss &
ar 8. indications conceming deposited microorganism
Jied ‘Hm ";“'“‘ o or other biological material .
9. sequence li in com readable form (indicate also
Total number of sheets 83 o lndnumba'm;?‘ardmm CD-ROM, CD-Rnrothety)i)n
(b) uqumullﬂpﬂd&.nipﬁonﬂldin ()] Eleopyﬂbmludforﬂlcpurpomoﬁmmﬂmh
able form under Rule 13rer only (and not as part of the
(D3 ooty i Sesion 101(e)) (1) 1 (o her ehocs o () o 9100 i marbed
(] m] in adtion t being flled in . hoo) sdditional o cuding where applicab)
form (under Section 801(a)), the copy for :bcmo?fnuﬂ%mﬂ sei?t];: undl;'
ma Rglht l(lrlsn_;u- of carriers (dislcette, |I|e Rule 13ter
or other) on (i5) [J together with relevant statement ax to the identity
part is contained (addiriomal ies wi isth
mmmmm?m i . Ofhecopy orcopieswith the sequence iming part
...................... 0.0 « other (apecify): ACCOMPANYING LETTER......... : 1
Figure of the drawings which | Language of filing of the
should accompany the abstract: international application: @nglish
BoxNo.X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Nex! 0 eoch signature, indicae the rame of the person signing and the coparity in wiich the person sigma (if such capecity is 5ol olivican from receling the reques).

Miian, Kaly, August 2, 2002 GERVASI Gemma ‘ do“"""//i
/For receiving use only
1. Pneofnnnlmeeqloflhepw ni m 05AUG m 2. Dmwings:

3, mdﬁerwuml::mh;ﬁuhu
received papers or drawings com,
international application "8

4, Date of timely recei
corrections under

of the
Atticle 1(2)

[ not received:

5. Intemational Searching

Authority
(:ftwoormmmeumpﬁmt) ISA/

Transmittal of search del
unulmuhfee:spumw yed

X

Date of receipt of the record
byl!nlrmrttiomlnmw

For Intermational Bureau use only

_Form PCT/RO/10] {last sheet) (March 2001; reprint July 200&)

See Notuz io the request form
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PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

. PCT To:
NOTICE INFORMING THE APPLICANT OF THE
COMMUNICATION OF THE INTERNATIONAL ﬁfﬂﬂ’\;ﬁ .3"&".:’
i APPLICATION TO THE DESIGNATED OFRICES Coro ol Pos, 2 ,,,:l Ty & VRS
20122 Milan REC
(PCT Rule 47.1(c), first senience) ITALIE IVED
Daic of mailing{daymonth/year)
20 February 2003 (20.02.03) 14
Applicam's or agent’s file reference T
2608PTWO/she IMPORTANT NOTICE
International application No. inienationat filing date{dayimonthv/vear) Priority daic{day/monih/year)
PCT/EP02/008689 05 August 2002 (05.08.02) 06 August 2001 {(06.08.01)

Applicant
: RECORDATI IRELAND LIMITED

-

L. Notice is hereby given Lhat the Iniemational Bureon has communicaled, as provided in Article 20, the inwrnationa] application 1o the
following dexignaied Offices on the date indicated above as the dale of mailing of 1his notice;

KP, KR
In accordance with Rule 47.1(c), third semence, those Offices will accepi the present notice as conclusive evidence that the communication

of the inernaticnal application hes duly wken placo on the date of mailing indicated above and no copy of the inicrnational application is
required 10 be fumnished by the applicant 1o the designated Office(s).

The following designated Offices have waived the requirement for such 8 communication at this Lime:

AE, AG, AL, AM, AP, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EA, EC, EE,
EP, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NO, NZ, OA, OM, PH, PL, PT, RO, RU, SD, SE, SG, S, SK, 8L, TJ, T™M, TN, TR, TT, TZ, UA,
UG, UZ, VN, YU, ZA, ZM, ZW

The comnmmication will be made 10 those Offices only upon their request. Furthermore, those Offices do not require the applicant to
furmish a copy of the inlernational application (Rulo 49.1(a-Fis)).

13

3. Enclosed with this nalice is 2 copy of the international application ag published by the International Burcou on
20 February 2003 {20.02.03) under No. WO 03/014084.

\ 4. TIME LIMITS for flling a demand for international preliminary examinstion and for entry into the nutlons] phuse

. ‘The applicable time 1imil for entering the nationnl phase will, subject lo what ks suld in the lollowing paragraph, be 30 MONTHS from

the priority date, nol only in respect of any elecied Office if » demsnd for inicmational preliminary exomination i Gled before the
expiralion of 19 months from the priority date, but also in respect of any designated OfTice, in the absence of filing of such demand, where
Article 22(1) as modified wilh effect from 1 April 2002 applics in respeet of 1hat designated Office. For further details, see PCT Guzeite
No. 442001 of | Novcmber 2001, pages 19926, 19932 and 19934, as well as the PCT Newsletter, Ocwher and November 2001 and
February 2002 isees.

In praciice, time limits other than the 30-month {ime Hmit will continue 1o apply, for various periods of lime, in respect of certain
designated or elected Offices. For regular updates on the applicahle time Iimits (20, 21, 30 or 31 months, or other Lime limit), Office by
Office, refer o the PCT Gazette, the PCT Newslemer and the PCT Applicant’s Guide, Volume 11, National Chapicrs, all available from
WIPO's Iniernet site, at hup:/fwww.wipo.int/pcenfindex.hml

» For filing a demand for inlernational preliminary examination, sce the PCT Applicant’s Guide, Volume /A, Chapier IX. Only an
applicant who is & national or resident of a PCT Contracting State which is bound by Chapicr I1 has the right 1o file a demand for
intemaional preliminary cxamination (at present, all BCT Contracting Swstes are bound by Chapier 1),

" It is the gpplicant's sole responsibilily to monitor all these time Bmiw

The Inicrnational Burean of WIPQ Authorized officer

34, chemin des Colombettes .
211, G:rnnl:mzn. Switzerland Judith Zahra

Facsimile No.(41-22) 740.14.33 Telephone No.(41-22) 338.91.11
Form PCT/1B/308 (April 2003)
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(RSOUCITUD INTERNACIONALIUSLICAIM OONFORMEAL TRATAZODE COOPERACION ENMATISRA DEPATENTES (CT)

(19) Orgaixaciis Mandiel ¢ ba Prophuied Intslectml

Oficina Internacional e
(43) Faxin de Publicariin heternarionsl (19) Néxsere de Peblicasidn lnveruacioesl
20 de Pohrero de 200 (20.02.2003)
PCT WO 03/014084 Al
= Panates™: OND2IIMS,  (81) Exgniles Dosigmaias: fusciomal): AE. AG. AL, AM. AT,

3} Clasificaciée
ABIK 2144, ASIF W12
(21) Nkmere S Saliziced Intarsarisusl: PCTEULONAY

(IR Facim d¢ Promaiglin labvagciongl:  $ds Agomn dc X0 (08082007

25) Lilomn d¢ Prasputacién; ingiis
@6) Wdicesa du Publicachin: lnglés
(30) Fesha de Prievidad:

MO0 AN0L TS & de Agomo de 2001 (06082001} i

(1) Selictaaie: RECORDATI IRELAND LIMITED (EAEL 17,
The Crestemt. Lumerick (E).

AU, AL BA, BB, BO. BR. BY, BZ, CH. CN, CO. CRL
CU. CZ, O, DK, DM, DZ, EC, EE, £5. R, 0B. GD, GE.
G, OM, HR, M), D, 1L, IN, IS, P, RE, KG, KP. KR,
KZ LC, LK LR, LS, LT, LU. LV. MA, MD, M. MK,
BN, MW, MOL M, NO, NI, OM4, PH, #1, PT, RO, RU.
8D, SE, SO, 3L 5K, 0. T), TM. TN, TR, TT. TZ UA,
UG, UL, VN. YU, ZA. M, TW.

84) Esdos Desigmades: frpaml): Patcoxe ARTPO (UH,

GM, KE LS, MW, M2, SO, SL. 57, TZ, UG, IM, IW),
Poasuie coremidioce (AML, AZ, BY, KO K2, M0, RU, TJ.
T™). Puicaic ouropas (AT, BE. BG, CH. CY. CZ, DB
DK, EX, 85, A, FR, (B, QR iF. [T, LU. MC, NL. T,
S, SK, TR), Pmpeie OAN (BF, BI, CF,. Cli, ., OML

GA, GN, Q. OW, ML, MR, NE. $1, TD, TO)

Fallicads
-~ Cun repore v biapeds intsrmacsnel

¥avm cidiges dy doa irirms y ooz whvenacionay. refirirse a
das "Noten dr Guis sobon Cidhgos y Alrevincionss” gus
dparecen al grovcipio de cada jewpler reguisr ds ls gecoss
&l PcT

{71) lnvepsareu: BONIFACYO. Faunto; Vie G. D" Ascam, 9, 1404100
Lmma (IT). CAMPANA, Francescs; Vie Mediamn, 1-00040
Rocca Priors {IT) DE IAS], Glmsluea. Via ds Barsagiicrt, 27, &
0401 Apritis (IT). LEQNARDY, Amegont Via Poliampe, )4, |-
20154 Milaso (IT).

74) Agamit: GERVASL, Gemma; Nouwbanolo y Garvali, Conp &
Puria Vitwrie, 9, -20122 Milin (IT).

{34) Tirale: NUEVAS
PARA PREPARANLAS

(57) Resuman: Ls isvescidn describe: s noovey forams crads (A) y (B) de rcadinipum, s xicves fonns cristaiing (1) ¥ 0N de
choviudraso ds loumidipion obtnides & partir do los sty croden, sconpaciciancs setihiperensivas, Somoactulicns quc eontinmn Comn
gk scpve ol mescs wns de ins formus crivmtions (T) ¥ (H) de clovhidraso do latwenidipins ¥ misodos do we de Lis miswwe.

CRISTALINAS DE CLORHIDRATO DE Y

61668582 T.S: ¥ J0SHERCS Y9SN Z309 A0HIHNT 30 6S:ET HOE2-20-834
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Para wso de la Oﬁeial recepiorn solamente

PCT PCT/EP 02/08699

No. de Bolicitud Internacionsl

PETITORIO (05.08.2002) 05 DE AGOSTO DE 2002

Fechs do presentacidn internacional

El abajo firmante solicita que ln presente

solicitud OFICINA EUROPEA DE PATENTES
Internacional sea procesada de acuerdo al SOLICTTUD INTERNACIONAL DEL PCT
Tratado de Cooperscién en Materia de Patentes
| Nomiwe de is oficios Teceplons ¥ "Bolicitnd intoroncimei de FCT ‘

Raferwncia 4o archivo del solicitente o 2608PTWO/sbe
apodomdo (sf s desna) (1.2 coracteres sdximo)

Cuadre No. I TITULO DE LA INVENCION
Nuevas formas crudass y cristalinas de clorhidrato de lercanidipina

Cuadre No. 11 SOLICITANTE [ Esta persons o tammbsitn inventor

Nombre y diteccion: (4dpellido saguide por wembre proplo; pare una sntidsd lsgsl,
designacidn oficial complete. La direccidn debe Incluir cddigo pastal y nombre dul No. de teléfono:

pals).
Bl pais da la direccidn indicada en erte Cuadro ez ol Estado dal solicitante (es dacir
pals} de residancia i no so indica sl Estado de residencia posteriorments)

Na. de facsimil:
RECORDATI IRELAND LIMITED

17. The Crescent, LIMERICK - IRLANDA

No. de teleimpresor:

No. de registro dell solicitante con bs Oficins
Elll:i (en decir, pais) de nacionalidad: Hstado (es decir, pain) do residencia;
IE
o ———— E il o S p— FeCS———rv e ———
os [ 4 i Jow Betacos Uik do_Asmivion Uitk dv Amivion. ol camle

Cndn Ne. Il SOLICITANTE(S) ADICIONAL(ES) Y/0O INVENTOR(ES) (ADICIONALES)

y direccion: (Apeliido seguido por nombre proplo: pare una entidad lagal,
d’ul.neul oficisl ecomplsta, La diraccidn debs inclulr eddige postal y nombre dsl Esta persona ws:
peis). Bt pals de In dirsccidn indicada sn sstw Cuwdro ex ¢l Estado del solicitants fex
decir pais) de residencia 3i no as indice ol Esiade de rezidencia postarierments)
D solicitante solamante
BONIFACIO Fausto
Via G. d'Arczzo, 9 D solicitante ¢ inventor
04100 LATINA - ITALIA inventor solameni (si s rarcs exte:
==l cngdro, n) e debe Do ko que siges)
No. do registro del sclicitpnte con In Oficine
Estzdo (es docir, pais) de nacionalidad: Estado (cs decir, pais) de rusideacin:
Euta psem o nalicitane D ok lon Batdben: oo low Entnon denijguarion seyan tioswrvte Jos Estadra hmlﬁhﬂ
EM dosigpacn Jon Elstadon Ubsiclon ds Asnubvien Uidha co Awbrion of owasien
Solicitantes adicionales y/o inventores (wdicionales) se indican on uns hoju de continaacids.

CmdroNa. IV APODERADO O REPRESENTANTE

La persons identificads posteriarments ea/ha side citada pars sciuas on nllbn
del(los) solicitanto{s) wite las Antoridedes agente representante comin

mymm—ﬁn—hmﬂ-n-ﬂhﬁ“#ﬂ No. de teléfono:

complete. La direccidn debe incleir cddign postel y nombre del paly) +39025417991
GERVASI Gemma No. do facsimi):
c/o NOTARBARTOLO & GERVASI +390254179920
Corso di Porta Vittoria, 9 :
20122 MILAN - ITALIA Ne. do teleimproscr

No. de registro del solicitante con Ia Oficine

D Marque este cuadro cuoando ningin apoderado o representante comin av/hays sido eitado y ol espacio anterior se
uss en 88 Jugar pars indicar una direccién especial a ls cuxl! se doba enviar 1 co! ndencis.
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Forom PCT/ROY101 (primers hoja) (Mrso de 2001; reimpresidén en Jalio de 2002) Vianes notes a i forma da petitoriy
Hojs No. 2

Coatinyaciin del Caadro Na. Il SOLICTTANTE(S) ADICIONALES YX) INVENTOR(ES) (ADICIONALES)

S| slagune de los siguientes subenadros se utilizan, esta hojs no se debe Lacluir en ¢l petiterio
Nombre y direccida: (dpellido seguido per nombre propio; para sna entidad legal,
designaeién oficial complete. La direccidn debs inciuir cddigo postal y nomibre del Esta parsons os:
puiy). il pais de la direccidn indicade an asie Cuadre o5 ol Estado del selicitants (o2
decir paix) de resideancia si no s¢ indica ol Estade da rezidencia pesteriorments)

CAMPANA Francesco D solicitante solamente
Via Mediana D solicitante o inventor
00040 ROCCA PRIORA (Provincia of ROMA) ITALIA . .
iventor solummste (8 00 maTca ot

cundeo, 0o Lenar o que sigue)

No. de regitro dal solicitants o ks Oficine

Estado (os decir, paix) de nacionalidud: Estado (es decir, pals) de residencia:
‘Enllo prsscam e sclicitnie: D tonion Jon Buindks ﬁ toulon Jen Hatndos denigamion amepin deicnte Jou Rtndos hu-ﬂ-
ax iy Jow Batmios Ulnishes de_Asnivica Ulnidien ds Asnivion o omdm

jombre y direccidn: (Apellido seguide por nombre preplo; para una sntidad legel,
designacidn ofictel compista. La dirsccién debs incluir cddigo postel y nombre del Esta persona os:
pais). Bl pais de la direccidn indicada en sste Cuadro as ol Estado del solicitants (ss
ducir pails) de rezidencia si no ss indics ol Estade da resideacia pertariorments}

D solicitante solamente
DE 1ASI Gianluca

Via dei Bersaglierd, 27 D solicitante ¢ investar
. - ¥} iavenlor spizments (ai se marcs ole
04011 APRILIA (Provincia de LATINA) - ITALIA o hcaar 1 qoe gty
No. do registro del slicitanis con Ia Oficinn
Estudo (ea decir, pais) de nacionalidad: Estado (en decir, pais) deo residencia;
[ —————— D eadon fou Emsads D [PTTey I Sr—r——"——— D {micments ins Puink ey Terpr———
ks de i los Entckon Ulsidlow s _Amnivicn Unidkmdo Amition

Nombre ¥ direccién: (Adpellido saguido par nombre propic; pare una entidad legal,

designucidn oficial complsta, La dirsceidn debs Inclnir cddige porstal y nombre del Esta porsozs es:

pais). Bl pais da le direccidn indicads on exte Cuadro as ol Bstado del solicitante fas

decir pais) de rasidencia si no 28 indics ol Estado de residencia posteriovments)

D solicitante solaments

LEONARDI Amedco

Via Poliziano, 16 - D salicitante & inventor

20154 MILAN . ITALIA - qor god o (s 0 o
comdio, 0o llanar lo que sigus)

No. de regatro del salickants cou Is Oficina

Estado (os deoir, palfr) do nacionalided: Estado (es decir, palr) de residencia:
Buin e e sulicitante D ok Jow Eutndoe D tdos 1os Betmive desigranics curspto dniamente Ios Fataden Jon Htmis indicndon en:
de - lios Eatecios Ulnidos do Acuivics Uiding de_Amndtion d oo
ombre y direccién: (Apsliido seguido por nombre propie; pare ana entidad legel,

darignacidn aficial compinia. La direccidn deba incluir cddige postal y nombre dol Esia porsons es:
patls). Bi paia de la direceién indicads en sste Cuadre sz ol Estado dal salicitante (s
decir pals) de rezidencle 5i no se Indica ¢! Bstads 38 residancie postsriorments)

D solicitante solamente
D solicitante ¢ inventor

D iventor solermends (i so natres esie
candra, uo lenny o qoe siger)
No. do registro del solicitante con I Oficine

Estado (es decir, pais) de sacionalidad: Estado (os decir, pals) de residencia:

Bapmcniiet ] SsisGek | cininBakednigminargin [} s kn B [y e —

ﬁ!& digracion 1o Bateke Uidow do Amirins Ukdos do Asmiticn d cwio
Bolicitantea adicionales y/o inventares (adicionales) se indican en uns hoja de continnacién.

Tomsvnn DFFTONANNT fnia da ansdteweanendat £ faven de LG cclamme Aoy son Tolin ds WY VA venn e T o ol vl
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Hoja No. 3

CuadoNo.V  DESIGNACION DE ESTADOS Miruowe los cmlliss slecsnda debe marcarse por o mumes wea

A umiinmstidy s luoc las sigaites desigeaciones coxfiuny uln Ragin 4.9(s):

Putente Reglonal

MMMGHGMGMGMHMLIMWMWWWMILMM
A7 Swazilandis, TZ Repiblics Unide de Tanzazis, UG Ugsads, ZM Zambis, ZW Zimbabwe y coalquier otro cstado
contretants del Protocolo de Harare y del PCT (if sv desea otra forma de proteccidn o de tramiiaciin especifiguess an la
linea da pumtog)

& Ea Patente Eurossiition: AM Armenia, AZ Azcxbtuiyas, BY Bielorrusia, KG Kyrgyastsn, KZ Kammjstin, MDD Repiblica de
Moldova, RU Federscitn Russ, TJ Tayikistin, TM Torkmemistin, ¥ cuslquier otro Estade cantratante del Comvamio de
Patentes Euroastitico y del PCT

[l EP Patentc Earopes: AT Anstris, BE Béigica, CH y LI Guims y Liechtenstein, CY Ciprus, DE Alemenia, DK Dinamarcs, ES
Espaita, FI Finlandia, FR Francia, GB Reino Unido, GR Grecia, IE Irlanda, IT Italis, LU Luxasmburgo, MC Minaco, NL
Paises Bajos, PT Portegal, SE Snecin, TR Tonquis y coalguier otro Estado contruinnte do] Conwvenio de Pateotes Enropoo y
del FICT

E] OA Patante OAPI: BF Burkina Faso, Bl Benin, CF Repitlica Centroafricans, CG Congo, ClI Ciie d’Ivoire, CM Camaxén, GA
Cabén, GN Guines, GQ Cuines Ecuatorial, OW Guines-Bigmn, ML Mall, MR Mauritsnia, NE Niger, 5N Sencgnl, TD
Chad, TG Togo y coalymier otro Hutado goe ses Estado maiembro de la OAPI y que sea tn Estado contraiants del PCT (3
2¢ dessa otra forma de proteccidn o de tramtiacidn, sspecifiquese an la linea da pymitos)

Patente Narional (¥ s¢ desea oira forma de profsccidn o de framiiocidn sspecifiqusse sn la linea de punios):

[E] AR  Emirstos Arabes Unidos GE Geargia B Mz Mommbique

[l AG AntiguayBarbuda K GH Ghena NO Noruega

Xl AL Afbenia X GM Gambis Bl Nz NueweZelanda

AM  Armenia HR Croscia OM Omin

AT  Aumstria Bl HU Humgia PH  Filipines

] AU Australia Xl D hdonesia [l P Polonia

AZ Azmrbayin L lareed X PT Portugl

(] BA Bomiay Herzegovim B N idis El RO Rummia

[Xl BB Bmbados Bl B kisndia [B] RU Federacién Rusa

BG Bulgaria P Japin SD  Sudin

BR  Brasil KE Kegia SE  Succia

BY Biclorrusin Bl KG Kirguizistin Bl sG Singapur

[El BZ Belice [B] KP Repiblica Popular Xl sI Eslovenia

O cA Camat Democritica de Corea SK  Ealovaquia

Bl He ILSuimyLicdtenstein Xl KR Repdblica de Carea Xl st Siamleome

CN Chima Bl KZ Kamjstén El 17  Tayikistén

X co Colombia Xl LC SentaLuca El ™ Tudonenistin

Xl CR CostaRica LK SriLanka Bl TN Tunics

CU Cubs (] LR Liberia TR Tuquis

CZ Repiblica Checa ® 1S Lesowo Bl 1T Trinidad y Tobago

[El DE Alemania LT Lityania [El Tz Repiblica Unida de Tanzania

X] DK Dinamarca LU Luxemburgo Bl UA Ucrenia

X DM Dominien LV Letonin UG Ugsnda

DZ Argelia MA Marruecos [0 Us  Estados Unidos de América

& BEC Eeuador (X1 MD ReptblicadeMoldavia [l Uz  Usbekistin

[l EE Estmia (X] MG Madagascar Xl VYN Vicnem

(] ES Espata MK Macedonin Xl YU Yugosiavia

Hl m  Finlandis MN Mougolia ZA  Sudifiice

] GB Reino Unido X Mw Malawi Bl 2M Zanbia

El 6D Grmeda @ Mx México ® zw Zimbebwe

Causilles ressrvades pars os Estades los coales hen Tagado s serparte del FCT despode de 1a poblicacidn de esta heja.
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Formm PCT/ROVIO01 (pegunda hoje) (Julio de 2002) Vianse notzs a I fowma de pethioris
Hoja No. 4

Cuadre No. Y1 REIVINDICACION DE PRIORIDAD,

La prioridad dec 1z o las signiontos solicitudes anteriores os reivindiesda:

[ Fechs ‘I.i p.:;nud.h de ln Nimero de _lnlind ~ Do donda Is selicitad saterior ex:
1&3/-.;‘::)' suteriac !olidu:.’ n.leiull: s-g;;: :.i_:::ll:- Io.l‘i:’lit:i:.in:-mldn:ul:
cuadro (1)
(06.08.01) MI2001A001726 IT
06 de Agosto de 2001

coadro (2)

cuadro (1)

cuadro (4)

coadro (3)

O Las reivindicacionss de prioridad udicionales se indican sn ol Cusdro Suplementario.

La Oficiaa recoptora o8 notificads mediante lo preseste para que gprepmre y tramamita a la  Oficiss Isternacionsl waa copia

centifieadn de 1a{s) solicitoid(cs) saterior(cs) idontificadals) anteriormente (Enicamento =i In solicitod saterior fue prosentads con la

Oficins la cual pars los propésitos de 1a presente solicitnd internacional es la Oficina receptora) identificads como cundro(s):

[ todos los cuadros [ cuadro (1) [ coadro (2) [ cosdro (3) [ candro (4) O cusdro (53 [ otros, ver el coadro
soplementario

*Donde la solicitad enterior es una solicitnd ARIPO, o2 obligatoris indicar sn ¢l Cuadro Suplemsmitario por lo menor un paiz

parte ds Ia Convencién de Pariz para la Proteccidn da ia Propisdad Indusirial pare la cusl Ia solicitud amterior fue
presentads {Regle

Cuadre Ne. VII AUTORIDAD DE BUSQUEDA INTERNACIONAL

Eleceldn de In Antorided de Bisgueda Internaciona] (IBA) (Si dos o mils Antrwidades do Bisqueds Internacional son competentes pere
llovar s cabo Is biisgoods isternaciona], indique Ia Axtoridad sscogids; se pacde utilizar d cidigo do dos letrs):
ISA/

La peticidn pars ¢l uso de los resultades de la biisquedn anterior; ton referencia a la bisquedn (87 la hisgusda
anterior sv ha llsvado s cabo por o solicitaria de Iu Awtoridad de Bdsgusda Internocional):
Fecha (dia/mes/ala) Nimero Puis (x Ofticing reglonal)

Cuadro No. VII1 DECLARACIONES

Las deciaraciones siguionics figormm en los coadms No, VI (i) » (v) (marcar Iz o lav caviliay apropiadas ¢ Nimero de
indicar la cohowna ds iz derecha of nombre dal tipo de cada declgracidn)y: declarsciones




O coadro no. VIII (i)

O ocuadro no. VI (ii)

O coadro na. VIII ({ii)

Declaracidn oon relacidn a la identidad del inventer

Declaracién con relacidn al derecho de depdsito, a la fecha do
depésito internacional, pars solicitar y obtoser una solicitud

Doclaracién oon relacidn al dorocho de depésito, n In focha de

O cuadro no. VIII (iv)
Norteamdricn)

O coedre no. VIII (v)
novedad

depésita internacional, para reivindicar Is priorided de una
solicitud snterior

Declaracién con respecto a 1a calided inventiva (solamente
con fines de la designacién de los Entados Unidos de

Declaracidn con relucidn a las descripciones que tienen aigunos
accesos que Do §e oponen ¢ tienen excepoiones al defecto de

-0

Forma PCT/RO/101 (fevcars hoja) (Julio de 2002)

Vianss notas @ ka forma de petbiorie

Hoja 3

Cusdro No. IX HOJA DE DECLARACION:

1D10MA DE DEPOSITO

La pressnta solicitud internacional contiens;

(s) ol mimero do hejas siguiemtes
conforme 8 In farmn ds pago:

Petitorio (y comprende In o Ins H 3
jus
para doolaracidn)

Dascripeién (a excopeiim do In HE- £ ]
parts reservada para el linado ds
secusncias)

Reivindicacionsa
Resamen

Dibujos

Total del simers do hojas

Némoro tatal de hojas

(b) parte du In deseripeidn oo rewcrves ol Hatnde ds secomcias
dupouiteds confiwms o ln finss lnfhin an coxpeendomn
(i) [J solzments (ea virtod de In

instruccidn 801(n)(i))

(ii) O] « igunlments conforme = In farma ds
pago (en virtud de In instroccidn
201(a)(i))

Tipo y sombee do scopeto (Gaquetn, CD-ROM, CR-R y

oiron) loe cusles sapeusssien I parte snerveds o Sendo

dn socouncio (copiay suplemersarias o indicesles ex of
pursio B{H), e 1a asiverms de 1a derocha):

13

oy

El o los clenesios sigeientes cxths sssorpalinios por in presese solicitod internacioosl
(vexificar el © los casns spropiados ¢ iadicarios en La colmmos do Is derachs of simen de
elenenion verifieadng):

1. £J coato de 1s boja da clieulo

2. (Bl poder del apodarado firmudo separade

3. [ aorigivel ded poder genensi

4. [J copin dedl prder genersl del apodormin, ninem dn refirenels, si 1n ey .

3. D doclarucién que sxpligoe careacis de firma

6. (Bl dacymento(s) de priorided identificado ea el cuadro No. VI
como en ¢l cnadro(s):

7. O truduecién do Is solicitnd isteraacional cu (idjoma):

8. D indicuciones soparadas concernientes a los microorganismos
depositados 4 otro material bioldgico.

9. [ listado do secoencis conformo & 1a forma ledble on computadora
(indicar tambidn el tipo y sl sombre do soporte (disquete))

0 0 aopin proporcionads o Gast de In bisgueds iarerios] o vited
de In regla iy teicomente (y 80 como parte do Ia solicited
. el

@ O timicencose comdo o cam (B o ()X(H) & ka colomne de In
inpiends es mavealy) hojss mplencstwion, incioyendn s fes
mecesnio, | bojs dol doscmento sl Gnedl de b blagueds
imbernarinnal en vistnd do la agls 130er

Gi) [J nany 1 doclacarides pevtinante oom reapevts a In identicd dn In sopin 0

capias mplemersaries y In purte neservads purn of listade de secoocies
mencionado an bs colomos e 1n xsmiends.

10. (K cten (aqpocificery CARTA ADJUNTA

No. de
slementos

(L}
-

La figara de los dibujos 1s cusl debe
scompafisr al resumen:

Idioma del archive de la
solicitnd internacional:

Inglés




L1

Cuadrs No. IX FIRMA DEL SOLICITANTE O AGENTE
Enseguida de cade firma, Indigue ¢l nomdre de Ia persona gue firma y ia capacidad an la cusl Ia parsong firma (ni tal capecidad

ne ax obvia de la lectyra del petitoria).

Milén, Italia, 2 de Agosto de 2002 GERVASI Gemma

2. Dibujos

" Para uso ds Is Oficina mgton solamente
1. Fecha de recepcidn actual de 1a

solicitud internacional alegads: (05.08.02) 05 DE AGOSTO DE 2002
W recibidos:

3, Fechn corregida del vencimienio de recepeidn actual & Jos documentos
:mmmp.mqum
solicitud internacional aleg I:I.. recibidon:

4, Focha ds reaspeidn & tiempo da las correcciones requeridas
conforme al articulo 11(2) de PCT:

3. Autoridad de Bisqueda Interascional 6. Tranamisiin de copia de biegueds retardeds

especificads_por 1s solicitante: ISA/ basta quo b cnota de bisqueds s pagade

I
Para uso de la Oficina Internacional solamente

Id

12

Focha de recepeiéa de Ia copis de regintro
por ls Oficine Interuscionsl:

Farms PCT/RO/101 (Glktine hoje) (Mmrzo de 2001; reimpresidn en Tolio 2002) Vianse notar a la forma da petiiorio
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/S2

REFORTE DE BUSQUEDA INTERNACIONAL No. de solicitud wscrnacional

PCT/EP 02/08099
A. CLARBIFICACION DEL TEMA
IPC 7 CO7DI11/90 A61K3)/44 AGLIPIN2
u ia Clovhicacie de Paiestes tasarassionsl {1 i wnpunaal coms ba IPC

. CAMPOS BUSCADOS
Decemcstasria laims busends (patems do <latiliaaciia saguido per los vimbetes de clasilisacspn)
IPCT? COID ASIK

Decumcwracidn buscads diforemts & {n derumgminesdn misssa, ol pads gut tiley documenios aulas mehndes ou lop szmprs buncadute

[ »
buiquedy wilzader).

CHEM ABS Data, EPO-laternal
Cmagaria Cin del documunis, caa indrcacidu, on doude aun aprapunds, do los pasajon rebevamtes Patinms: pors s serisliarisin Na.
X LEONARDI, AMEDEO Y COLABORADORES: "Asymmetric 1-18
N«(3,3-dipheaylpropyl)aminoalkyl esters of
4-aryl-2,6-dimethyl

1, 4-dihydropyridine-3,S-dicarboxylic acids
with antihyperiensive activi
EUROPEAN JOURNAL OF MEDICINAL CHEMISTRY
(1998), 33(3), 399-420,
XPO04127371
véme compueito 9u en la Tabia |
conclusiones phgina 405
método B2 pdgina 415 y preparacién de Su, Sul
y 9v, pigina 416

of=-

Ehm—u“-_-h-—hﬂﬂc Eii-huu la lgmilin dy putynirs of Hisas a ¢l anone

Scatejorias cspeciates de bos docsmenion Citados. T dncum I.lu& de In fechn de
s [l 0- memmnn priotidnd d
A :ﬂ::::-; ool o ot sontibers aes o g6 pan culte L-:;:-r‘:fﬂ‘ pratipd & Iflllmnll.lll'

neﬁlﬂl u“u‘::hl-‘ '&EW.J:-.":‘:‘:
mﬂm [, ] ‘i'nolut'"m pus imveniiva

-" p‘r;-':r‘ lmum mp.nglnplo P © deoputs dn In fachn

"‘ormm: u‘l ﬂ-.ﬂ A muu-u
o 25. slrie " ecis: 30 3¢ prode
raran scpacial (come “ 'I.I'“ 1|'|e |l ;:::IOMII reel - - lrl
aﬁm :u': 'i: refigre m uma uurlrpelh arsl, wo. g - J“. "l:. —.I;; 'mmlm ul com| Illlt
P decumenli -il cadu ja feoks eae B
n!iﬁ'ﬁ!':f- o mlurpu:l ln’- de Il A" dovemento mismbeo de ls misas familia de pateatcs.
Facha de La termisacion sciual de I thqul- intevaacional |Fecha de cavie del reporie de bisquada raternicianal
4 de Novicmbre de 2002 (871172002
Nombre y direccion de comeo de s 1SA Fuaciosario sstorizadn
Oficine Exrppes do Puieotes. P.D. 5818 Paicatiaan 2
Nt - 2280 HV Rupswijk Schuemacher, A
Teal. (+31-70) J40-2040, Tu 31 631 epo nl, -
Fax: (+31-70) J4 18
Forma PUT/ISAI210 (scguadn baja) (Julio dc 1991)
piglna | de 2

et6eesEe Tis: o J@BEHETS U930 Z0P'J0HLHN: 3 TT:pT pOSS-20-834
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REPORTE DE BUSQUEDA INTERNACIONAL

133

Nu. de walieniud 1termasionnl
PCT/EP 02/0869%

€ {Costinuscidn) DOCUMENTOS

UE SE CONSIDERAN PERTINENTES
aln dol docrswanto, Soo mdicaciin, donds 68 spvopinde, de los pacsies pertiassie

Posiacass s Is rcivindicion Na |

616658 T.S: U

WO 97 01469 A (RECORDAT! S.A., CHEMICAL
AND PHARMACEUTICAL COMPANY,
SWITZ.; RECORDATI)

6 de Febrero de 1997 (06-02-1997)

esquems de reaccidn 2, pigina 4

pigina 5; ejemplos 1-3

WO 96 35668 A (RECORDATI 5.A.. CHEMICAL
AND PHARMACEUTICAL COMPANY,
SWITZ.; RECORDATI)

14 de Noviembre de 1996 (14-11-1996)

ol documento completo

MCCLELLAN K J Y COLABORADORES:
“LERCANIDIPINE A REVIEW OF 1T5 USE IN
HYPERTENSION®

DRUGS, ADLS INTERNATIONAL LTD, AT,
Yol. 5, no. &0, Noviembre de 2000 (01-200D),
pigina 1123-1140, XPO0OR001723

ISSN: 0012-667

vians abytracto del resumen pigioa 1124

US 5 767 136 A (TESTA RODOLFO Y COLABORADORES)
16 de Junio de 1998 (16-06-1998)

citads en Ia solicitud

columna 7, linea 3] - linea 63; ejemplos

1-3, 11B

columna 8, linea )8 - linea 48

US 596 139 A (RECORDATI 5A)
9 de Diciembre d¢ 1997 (09-12.1997)
citada en 1a solicitud
columna 3, linea 31 - linca 63; cjemplo |
US 4 703 797 A (NARD] DANTE Y COLABORADORES)
10 de Noviembre do 1587 (10-11-1937)
ckadn en la soliciwd
relvindicaciones |1-3; gjemplo 16

1-78

.78

-7

Formn FCT/ISAIIS (Coatinmacion &0 B sepunda haga) (Julwn de 1992)

pigine 2 de 2

JACHEGSS U930 Z3BAHIHN: 30 TT:HT baac-2a-434
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REPORTE DL BUSQUEDA INTERNACIONAL

Informeciom de micmyos Jde (amilia de I pateate

/S

No. de Solicilud Internacional

6l6e6sHe TiS: o

PCT/EP 02/08609
Ducumeniv de putente citudo Fecha de Miembroir) de Familla de Fecha de

en ¢} reponic de busquecda publicacion pulcnicd publicscion
W 9703889 A 06-02=-1997 IT NI951613 Al 14-01-1997
AT 183544 T 15-09-1999

AU §90471 B2 23-04-1998

AU 4516494 A 18-02-1997

CA 2219501 Al 06-02-1997

CN 1190345 A 12=08-1998

€1 9800116 A3 17=-00-1098

DE 69601968 D1 J=-00-1999

DE 69603968 T2 05-04-2000

D 839036 T3 20-01-2000

Wo 9703669 Al 05~02-1997

Er 0839038 Al 06-05-1908

ES 2138359 13 01-01-2000

&r 3031096 T3 31-12-1999

W 9802736 A2 29-03-1999

IL 122302 A 13-08-2000

Jr 11500214 T 17-08-1999

NO SA0171 A 14-01~-19%8

x 4198 A 06-05-1998

us 5912351 A 15-06~199%

us 5767136 A 16-06~1998

ZA 9805924 A 30-01-1907

35668 A 14-11-1998 17 N1950957 Al 12-11-1906
wo 96 AT 221050 T 15-08-2002
AL 694046 B2 09-07-1958

A 5898596 A 29-11-1996

b6 52400 Bl 29-10-1999

8s 102034 A 30-04-1958

R 9608374 A 24-08-1990

CA 2217849 Al 14-11-1996

] 1184468 A 10-06-1998

cz 9703567 A3 15-04~-1998

DE 69522552 D1 29-00-2002

EE 3351 01 15-02-2001

1] 21755 A 27-02-2002

WO 9635668 Al 14=11-1996

EP 0824517 A} 25-02-1998

W 9801913 A2 28-12-1958

I 118143 A 14-06~-2001

JP 11504932 T 11-05-1999

NO 975176 A 11-11-1997

4 309059 A 28-10-1998

L 323236 Al 16-03-1998

K 151497 Ad 06-05-1998

™ 404940 B 11-09-2000

us 5912351 A 15~06-1899

us 5767136 A 16-06~1998

ZA 9603716 A 20-11-1996

us 5767136 A 16-056~1998 iy M1950957 Al 12-11-1998
IT nI951513 Al 14-01-1997

AT 221050 7 15-08~-2002

Al 494046 B2 03-07-1998

Al 5890596 A 29-11-1996

[ ] 62400 B1 29~-10-1999

[ ] 102034 A 30-04-1998

iR 9608374 A 2-08-1999

Farma PCT/IRA/TIG (amcu de Tamnlln de puventes) (Inlie @ 19921
pigina | de )

42588325 WO3IN Z3DD'JAHIHN: X TTHpT baaS-28-844d



18-9°d

Iss

REPORTE DE BUSQUEDA INTERNACIONAL No. de Solicitud [ntemacional
Infarmacién de micmbros d¢ familia é¢ Is patente PCT/EP 02/08699
Ducumuniv de patents citsdy Fochs de Micmbre(s) de Familia de Feche de
|__en el repone dc bisqueds publicsclén patentes publicacién

us 5767138 A CA 2217849 Al 14-11~1996
CcN 1184468 A 10-06—-1998
cl 9703567 A3 15-04~1998
DE 60622552 D1 20-08~7002
EE 3351 N 15-02-2001
[ 1] 21755 A 27-02-2002
[ ] 9635648 Al 14~-11=1998
114 0824517 Al 25-02-1900
[ S801913 A2 28~-12=1998
IL 118143 A 14-06~-2001
JF 11504532 7 11-08~-1999
NQ 976176 A 11-11-1997
[ 1] 309059 A 28-10~1958
L 32)236 Al 16-0%-1998
K 151497 A3 DE—05~-1998
™ 404540 3 11-09-2000
us 5912381 X 15-06-1999
A 9603716 A 20-11-1998
At 183644 ¥ 15-09-1999
AU 290471 B2 23-04-1998
A 8516496 A 18-02-1997
CA 2219501 Al 06-02-1997
CN 1190345 A 12-00~1998
€2 5800116 A 17-06-1998
Dk 69503088 D1 30-09-1999
DE 6956039568 T2 06~04~-2000
DK 835038 T3 24=-01-2000
o 9703669 Al 06-02-1997
EP 0815038 Al 0t-0f=1008
ES 2138359 T3 01=-01-2000
GR 3031098 T3 31-12-1989
Hu 380273 A2 5-03-199
IL 122302 A 13~-08~-2000
Jr 11609214 T 17=-08-199%
NO 980171 A 14~01-1998
L 4 4198 A3 056~-05—-1998
ZA 9603924 A 30-01-1997

Us 596139 A NINGNO

us 4705797 A 10~-11-1987 AR 240804 Al 25~02-1091
AT 52772 1 15~06-1890
AU 570534 B2 17=03=-1588
AU 3568985 A 12-00-1985
cA 1277666 Al 11~12-1990
BE 3877703 M1 21-06-1090
X 63085 A .8, 15-08-1988
EA 1772 A 30-08-1991
EP 0153016 A2 26-08-1988
ES 540305 00 16-11-1985
ES 3002664 Al 16-03-1986
Fl a50535 A B, 15-08-1985
an 850383 Al 06-02-1906
Hu 37399 A2 28~-12-1985
IE S7715 B1 10=-03-1993
IL 74238 A 31-07-1908
JF 1811001 C Z7=-12-1993
> -5017908 B 10-03-1993

Farms PCT/ISA/II0 (antas 4 familia d¢ paicaics) (Juho dc 19921
pigina 1de}

6766582 TiG: W

40588826 W9AN Z309'4dHIHN: 30 TT:pT HEE2-28-H34



T

I15¢

REPORTE DE BUSQUEDA INTERNACIONAL No. de Solicitud Internacional
laformasrin de misabros de familia du la paiente PCT/EP D2/08699
Documecnio dc patcate citado — Fecha d¢ Micmbrols) do Familia de Fecha de
on o} raporne de bisquada publicacién putentes publicacién ‘

Us §708797 A o 0195874 A 00-10-1985

[ { ] 9105231 11 24-07-1991

L 90065 A9 23-07-1997

M 156874 A - 08=10-1988

ND 850521 A B, 15-08-1985

.14 210866 A 20-07-1988

PH 20725 A 30-03-1987

4] T8 A 2 01-03-1985

6 48590 ¢ 17-08-1990

Ei :ﬂlﬁ!’; : 20~-0%9-1988

P30 056-11-1990

A 8500856 A 28-08-1085

m paanies) (nlio da 1991)
plgins |1 de 3

1S-1°d 6T668ES TiG: U JOSEERZS W93 ZZD'AAHIHN: 30 2T:0T $282-20-63d4
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TRATADQ DE COOPERACION EN MATERIA DE PATENTES

PCT

REPORTE DE EXAMEN PRELIMINAR INTERNACIONAL

(Articule 3 y Regla 70 ddd PCT)

154

) Viaao in daniicuriin de T riememision 8 Ragen: i Exemmy |
Rulrantss & regiaro dul selisiumny ¢ el spodimdo :;.lc.‘lou:::ccm Poshonner bpomacions] (Fooms PCTAPLANIE)
260RPTWO

Pr————

Ny dv snlcitad incraacional’

Focha do prvmmtecein inananions) {divemisle). | Focha de prasidad (dis/mav/vie).
PCT/EP02/08699 04.08.2002

06.08.2001
——

Chuificasiba dy Patenty inturnicional (1FC) o slaalficasidn sapional 8 IPFC
CoTDI IND

Selicitamie.

RECORDATI JRELAND LIMITED

L. Este reporie de cxamen preliminar interascional he sido preparado por esta Autoridad de Exnmen
Prclimianr Internacional y so Lrpnsmits gl soliciianie ds acuerdo con el Arilitalo 16

1. Este REPORTE conssie deunisialde & hoym, inclayeado csta poninda,

E Este reporte nmbidy a0t acompaiindo do ANEXOS, o3 daciy. hojas d¢ Ia deporiperda, 1ns rlvindicnsiones

y/0 oy dibujos, los cusles han srde enmendndos y vom |2 bant e exie rapiete ¥/0 185 hoyss que Comticner lm

rectificucinney hechas amres de mats Autorided. (Viasd In Regle 70.16 y la Seccién 607 de las lagtrmcciones
Admimpraiivas conforme sl PCT).

Fatan anedos consisien de un totsl d¢ ¥ b,

_-"___w

3. Esla reponte enaticaw fus indicasiones qus »¢ relacionam con los siguienics penros:
IE Aase del reporie

U] rrioriasd

IIIDNQ 3¢ csiablcce opimide cun respeeto & o noveded, pll.'n laveative o aplicabilidad industria),
citms y explicucioaes que soportaa il declaracidn

1v [ Corencis de unidad de 13 lnvescion

vm tusonsds comforms &l Astitulo 5(2) oo respecio & i sovedad, paso iwvamivo 0 aplicabliniad

induatrial; citng y explicaciones que vopurian tal deplaraside

vi[] cienes dacumcaion citador
Vil [ JClenos darocion en La solicivug imerpacivaal

Vil GCicllu obscrvazuanes «u Ia solicitnd micancianl.

cchn de preventasidn de la Fechs de turminacién &¢ ¢Sic repone
04.03.2003 26.08.200)
Namnhrr y diteccion dc corrcapondoncia de 1a antarlded 8¢ | Famcioamio sworizade;
axmmen preliminar inecrnacional
Oficina Evropea de Puizniag
D-30298 Munich Schucmacher. A
Tel, +49 39 23 - 0 Tx; 32)636 cymu 8
Fau- +49 09 2199 « 4445
— No. ds Tcléfoun +49 89 2199-7818
Furma PCT/IPEA/409 (porimida} (Ensvo de 1994)

6766582 TiS: Y i9GHEAPC  HOAN ZIDD'ALHIHG! 30 2Tkl pONS-3-884
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Y1

REPORTE DE EXAMEN PRELIMINAR
INTERNACIONAL No. de Sollchud Insernaciod PCT/EP02/08699

1. Bases del reperte

1. Con respecto a los elementos de Ia solicirud internacioual (las hajes do reempinzo que sc han
sumintsirado a la Oficins receptors en respusstn z una invitacidn conforme al Articulo 14 s
refiersn en este reporie como “presemadar originalmente™ y no se anexan @ €Nt repuric pucito
qQu® no conticnen enmiendas (Reglan 70.16 y 70.17)):

Descripeién, Piginas

1-33 cOmo sc preseniaron originaimante
Reivindicaclones, Némeros
1-74 como s¢ prosentaron originalmentie

Dibujos, Hojas
17191919 cOmOo 3¢ presentaron originalmente

2. Con respecto al idiowms, todos los elementos marcados anteriormente fueron disponibles o
proporcionados a esia Autoridad en cl idioma en ¢l cual is solicitud intemnacional se presemd, a
menos que 50 indique de owrs manera bajo este articulo.

Estos elenonios fuerom digponibles 0 proporcionsdos & csm Autoridad en ol siguicnte idioma: el cual os:

O el idioma de uns traduccidn proporcionads pars lot propésitos de Ia disqueda internacional
(conforme a Ia Regls 23.1(b)).

O ol idioma de publicacion de Ia solicitud internacional (conforme a Iz Regin 48.3(b)).
O el idioms de i iraduccida proporvionads pera los propésitos del examen preliminar inreracional
(conforme a las Reghm 532 ylo 33.3).
3. Con respecto a cualquier sacwentia de nclct.tldu y/e amincieidos descrita en In policitud
internacional, ¢] examen preliminar iaternacional se levéd a cabo en bese del listado de secuencing:
O contenido en la solicitad internscional en forma escrita.
O presentado junto con la solicitud internacional en forma lofble por computadors
D preporcionado subsecuentemente a la Autorided en forma eserita.
O proporcionada sobsecoantemente a s Autoridad en forma leible por computsdora.

O HMa sido proporcionads s declaracidn de que ¢l listado de secuencins escritn, subsecuantemente
proporcionado no va mis allk de Is deseripeldn en 1a solicitud internacional como se presentd.

Forms FCTAPBA/AD? (Julio da 1999)

BIGESEZ2 TLS: U 1050832C HHIN Z30D'AOHIHN: 30 2T:pT HaBe-29-E34d



REPORTE DE EXAMEN PRELIMINAR
INTERNACIONAL No. de Solicinu inmemacional PCT/EP02/08699

O Ha sido proporcionads La declarscide de que la Informacidn mgistrada en forma lelhle por computadon e
idéntica al listado de secuenclas escrito.
4, Las eamlendas han dado por resuliado Ia cancelacidn de:

{1 1a descripcién, pdginas
DO las relvindicaciones, Nos.
3 los dibujos, hojas

5. O Este reporto ha gido redactado como sl (alguna de) ins enmiendas no hubiersn sido hechas.
puesto que dstas han sido consideradas que van mis alld do Is deacripeidn como ae presontd,
{Regls 70.2(c)).

(Cwalguier hoja de resmplazo que contenga tales decleraciones debe ser referida conforme al
articulo 1 y anexeda a esie reporie)

6. Observaciones adicionales, §i es necesario:

V. Decizraciia ramomada comforwme al Articulo 35(2) con respecto a Ia Devedad, pase lnventivo ¢
aplicabllidad industrial; citaclones y explicaciones qus soportas esta ditiaracidn.

1. Declaracién
Novedad (N) Si: Reivindicaciones 1-22, 25, 26. 28.°31-60
No: Reivindicaciones 23, 24, 27.29. 10, 61-74
Paso Sl: Reivindicaciones
Inventive (P1) No: Reivindicaclones 1-74
Aplicabilidad Si: Relvindicaciones 1-74
Industrial (Al) No: Reivindicaciones

2. Citaciones y explicaciones
véase hoja separads

Forma FCT/APEAMDY (Julio de 1999)
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REPORTE DE EXAMEN Ne. de Solicind Insomaciosal PCT/EP02/08699
PRELIMINAR INTERNACIONAL - HOJA SEPARADA

Con Raferencia al Articulo V

Declaracién razonada conforme a la Regla 66.2(a)({ii) con
respacto a la novedad, paso inventivo o aplicabilidad
industrial:; cltaciones Yy explicaciones que soportan esta

declaracién

Se hace referencia a los siguientes documentos:

Dl: LEONARDI, AMEDEO Y COLABORADORES, EUROPEAN
JOURNAL OF MEDICINAL CHEMISTRY (1998), 233(5),
399-420, XP004127371

D2: WO 97 03669 A (RECORDATI S.A., CHEMICAL AND
PHARMACEUTICAL COMPANY, SWITZ.; RECORDATI}) 6 de
Febrero de 1997

D3: WO 96 35668 A (RECORDATI S.A., CHEMICAL AND
PHARMACEUTICAL COMPANY, SWITZ.; RECORDATI) 14 de
Noviaembre de 1996

D4: MCCLELLAN K J Y COLABORADORES, DRUGS, ADIS
INTERNATIONAL LTD, AT, volumen 5, no. 60,
Noviembre de 2000, piaginas 1123-1140, XP008001723
ISSN: 0012-6667

D5: US-A-5 767 136 (TESTA RODOLFO Y COLABORRDORES) 16
de Junic de 1998; citada en la solicitud

D6: US 596 139 A (RECORDATI SA) 9 de Oiciembre de
1997; citada en la solicitud

D7: US=-A-4 705 797 (NARLI DANTE Y COLABORADORES) 10 de
Noviembre de 1987; citada en la solicitud

1. Novedad, Articulo 33(2) del PCT
La presente solicitud se refiere a diferentes formas

Farma PCT/Haja Sepuradst409 (Hoje 1) (BPO-Alril e 1997)
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REPORTE DE EXAMEN Ne. de Soticind intcroacicasl PCT/EPC2/08699
PRELIMINAR INTERNACIONAL - ROJA SEPARADA

polimérficas de clorhidrato de lercanidipina, los
procedimientos para su preparacién y su uso como agentes
antihipertensivos. Los procedimientos de las nuevas
reivindicaciones 3 y 12 se pueden considerar como novedosos
sobre los documentos de 1la técnica anterior citados
anteriormente puesto que al paso de aislamiento c) que
comprende respectivamente los pasos i-viil) y i'=-viii’) ha
sido definide més precisamente y vuelve nuevos a los
procedimientos sobre la técnica anterior. '
Consecuentemente, Jos procedimientos de las presantes
reivindicaciones 3 y 12 y las reivindicaciones dependientes
4-22 ne han sido anticipados por D1-D7 y se puede
conslderar que 30N nuavos.

Las formas sélidas, crudas (A) y (B) de clorhidrato de
lexcanidipina de las presentes reivindicaciones 1 y 2 son
caracterizadas por los contenidos especlficos de acetato de
etilo. De acuerdo con 1la carta del solicitante, estos
compuestos solo se pueden obtener de acuerdo con los nuevos
procedimientos 3 y 12 y no se deben observar como formas
impuras sino como productos intermediarios que permiten
obtener las formas ceristalinas, puras (I} y (II) de
clorhidrato de lercanidipina. De esta manera, se considera
que el objeto de las reivindicaclones 1 y 2 satisface los
criterios del Articulo 33(2) del PCT.

El método para producir 1la forma cristalina (II) de
clorhidrato de lercanidipina de conformidad con las
reivindicaciones 42, 48 y 52 no ha sido anticipado por los
documantos de la técnica anterior: la presente

reivindicacién 42 difiere de los procedimientos conocidos

Forum PCT/Hoja Separadaid09 (Hoja 2) (EPO-Alrd de 1997)
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REPORTE DE EXAMEN No. de Solicinud Interscional PCT/EP02/08699
PRELIMINAR INTERNACIONAL - HOJA SEPARADA

debido al uso de acetonitrilo como solvente para la
recristalizacién, la reivindicacién 48 debido al paso e”’),
en el cual la solucién debe ser enfriada a una temperatura
entre 20 y 40°C y la reivindicacidén 52 debido al solvente
polar, prético o dipolar, aprético gue contiene hasta 50%
en peso de agua.

De esta manera, el objeto de las reivindicaciones 25, 26 y

42-60 ss nuevo.

Como se menciona en la carta de solicitante fechada el
28.07.2003, Ejemplo 1 de D3, Ejemplo 3 de D5 corresponden
al Ejemplo 3 de D2 y describen 1la preparacién de
clorhidrato de lercanidipina (con P.f. de 186-188°C)
iniciando a partir del cloruro de acilo y los compuestos
aminocalcohélicos en diclorometano y DMF, seguido por 1la
elaboracidén en acetato de etiloe y la zecristalizacidém =
paxtir da stanol ya sea puro o al 99%.

Por lo tanto, la forma cristalina (I) del clorhidrato de la
reivindicacidén 23, preparada de acuerdo con el wmétodo de la
reivindicacién 27, parece ser anticipada por D2, D3 y D5:
ain si los datos fisicos que caracterizan 1la forma
cristalina (I) en la reivindicacién 23, 24 o 73 no han sido
descritos en el documento de la técnica anterior, se asume
que el procedimiento descrito en 1la reivindicacién 27
corresponde de hecho a una recristalizacién con un solvente
de alcohol de 1 a 5 Atomos de carbono que contiene un
méximo de St de agua. Puesto gque no se aclara
suficientemente si la forma cristalina (I} del clorhidrato

de las presentes reivindicaciones 23, 24 y obtenida de

Fosmes PCTAgja Scparada/d0¥ (Heja ) (EPO-Abril i 1997)
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REPORTE DE EXAMEN No. ée Solickud imemaclona) PCT/EP02/08699
PRELIMINAR INTERNACIONAL - HOJA SEPARADA

acuerdo con la presente reivindicacién 27 es diferente al
compuesto de D2, D3 y DS de la técnica anterior, se
considera que la forma cristalina (I) del clorhidrato de
las reivindicaciones 23, 24 y 27 es la misma como el
compuesto de D2, D3 o D5 quea se acaba de definir en el otro
parrafo: una definicién adicional del mismo compuesto por
parimetros adiclonales es insuficiente para establecer 1la
novedad. De esta manera, las reivindicaciones de compuesto
23 y 24, las relvindicaciones de proceso para su
preparacién y su uso como agentes antihipertensivos en las
reivindicaciones 61-74 no se considera que cumplan con los

raegquerimientos de novedad del Articulc 33(2) del PCT.
2. Paso inventive, articulo 33(3) del PCT:

El problema a resolverse por la presente invencién puede
sar conslderado como desarrollar diferentes procedimientos
a fin de obtener diferentes formas polimérficas de
clozrhidrato de laercanidipina, que sean ldtiles como agentes
antihipertensivos. '

El documento D2 de la técnica anterior ya se considera que
proporciona una solucién para el problema técnico
mencionado anteriormente debido a que también describe la
praparacién de una forma cristalina de clorhidrato de
lexcanidipina. La diferencia del objeto de las
reivindicaciones 23, 24 y 27 an comparacién con el estado
de la técnica no es aparente en la actualidad y en 1la
presente solicitud falta la informacién apropiada para

aclarar donde se encuentra un paso inventivo {(por ejemplo,

Forma PCT/Hojs Scperada/409 (Haga 4) (EPO-Abnd da 1997)
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REPORTE DE EXAMEN No. de Soliciud lsemacionsl PCT/EPU2/05699
PRELIMINAR INTERNACIONAL - HOJA SEPARADA

los datos comparativos con el compuesto obtenido de acuerdo
con D2).

Ademds, sae considera como un conocimiento técnico comin
obtener diferentes formas polimérficas de un compuasto al
cambiar las condiciones de <cristalizacién como la
naturaleza de los solventes o loa temperatura.

Por lo tanto, se debe observar que el problema subyacente a
la presente solicitud es la provisién de formas cristalinas
que tienen un efecto ventajoso, inesperado con respecto a
la técnica anterior. En realidad, las formas crudas (A} y
{B) reclaman tener una solubilidad miés alta, una velocidad
de secado mds rdpida y un procedimiento de cristalizacién
simplificado en comparacién con la forma cruda, conocida
{C). Sin embargo, no existe avidencia de tales ventajas en
la =molicitud.

Adicionalmente, se reclama que las formas cristalinas (I) y
(II) se obtienen con una pureza y uniformidad superior que
también permite mejores formas de dosificacién. Sin
embargo, ni existe una indicacidén en la presaente solicitud
que la forma (I) sea an realidad mas adecuada para las
formulaciongs y formas de dosificacién de liberacién
inmediata ni que la forma (1II1) muestre una
biadisponibilidad superior en comparacién con el compuesto
cristalino descrito en D2.

Debido a la falta de evidencia de tal efecto inesperadeo, no
se puede considerar que la presente solicitud involucre un
paso inventivo y no cumple con los requerimientos del
Articulo 33(3) del PCT.

Furna PCT/Haoja Separada/d09 (Haje 3) (EPO-Abril de 1997)
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REIVINDICACIOMES

1. Una forma sélida, cruda (A) de clorhidrato de
lercanidipina, caracterizada porque tiene un punto de fusioén
de aproximadamente 150-152°C (pico de DSC) y que comprends
aproximadamente 3-4% (p/p) de acetato de etilo.

2. LlLa forma sflida, cruda (B) de clorhidrato de
lercanidipina, caracterizada porque tiene un punto de fusién
de aproximadamente 131~-135°C (pico de DSC) y que comprende
aproximadamente 0.3-0.7% (p/p) de acetato de etilo.

3. Un método parxa producir la forma cruda de
clorhidrate de lercanidipina de conformidad con 1la
reivindicaciéon 1, caracterizado porque comprende los pasos
de:

a) hacer reaccionar el acido 2,6-dimetil-5-
metoxicarbonil=4=(3-nitrofenil)~1,4-dihidropiridin-3-
carboxilico con un cloruro seleccionado del grupo gque
congiste de clorure de tionilo y cloruro de oxalilo an un
solvente dipolar, aprético y un solvente polar, aprético para
producir el cloruro de carbonilo corxrespondiente;

{b) hacer reaccionar, in situ, el cloruro del
pasc a) con el alcohol de 2,N-dimetil-N-(3,3-difenilpropil)-
l-amino-2-propilo para formar el clorhidrato de larcanidipina
crudo; y

c) aislar el clorhidrato de lercanidipina crudo

del paso b) y recuperar la forma cruda (A) de clorhidrato de
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lercanidipina,
en donde el paso (c) consiste esencialmente de los siguientes
pasos:
1. lavar el clorhidrate de lercanidipina crudo del
5 paso (b) con agua:
1i. remover el agua del paso 1), para producir una
mezcla;
i1ii. concentrar la mezcla del paso ii) y adicionar un
solvente para producir una suspensién gue tiene
10 aproximadamente el mismo volumen como el volumen
inicial de la mezcla del paso ii) y un contenido
de agua, de acuerdo con Karl Flscher, de entre
0.10 y D.15%;
iv. enfriar la suspensién cbtenida en el paso iii)
15 para obtener un sb6lido;
v. filtrar el sélido del paso iv):
vi. resuspender el s6lido del paso v) en acetato de
etilo;
vii. enfriar la suspensién del paso vi); y
20 viii. filtrar y secar el producto preclpitado del paso
vii} para producir 1la forma cruda (A) de
clorhidrato de lercanidipina.
4. El método de conformidad con la reivindicacién
3, caracterizado porque el paso de reaccién b) se conduce a

25 una temperatura entre -5 y +5°C.
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5. El método de conformidad con la reivindicacién
3, caracterizado porque el cloruro en el paso a)} es cloruro
de tionilo.
6. El método de conformidad con la reivindicacién
5 3, caracterizado porque el paso c¢) il) comprende la remocidn
del agua del paso c¢c) i) por medio de la destilacién
azeotrdpica bajo vacio dentro del rango de 200-300 mmHg, a
una temperatura no mayor de 60°C, para producir una mezcla.
7. El método de conformidad con la reivindicacidén
10 3, caracterizado porque el paso de resuspensién e¢) vi)
comprende la aglitaciém a 60-65°C durante aproximadamente 1
hora.
8. El método de conformidad con la reivindicacioén
3, caracterizado porgue el secado en el paso ¢) viii) es un
15 horno a 70°C.
9. El método de conformidad con la reivindicacién
3, caracterizado porque @l paso de lavade ¢} 1) o8 con agua;
la mezcla en el paso c) iii) es concentrada a 1/3 de su
volumen inicial y el solvente se adiciona para producircr una
20 suspansién que tiene aproximadamente el mizao volumen como el
volumen inicial de la mezcla; y el contenido de agua de la
suspensioén, de acuerdo con Karl Fischer, es entre 0.1 y
0.15%.
10. El método de conformidad con la reivindicacién

25 3, caracterizado porque el enfriamiento en el paso ¢} iv) se
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lleva a cabo a una temperatura dentro del rango de 0-5°C.

11. El método de conformidad con la reivindicacion
3, caracterizado porque el enfriamientc en el paso vii) se
lleva a cabo a una temperatura dentro del rango de 5-10°C,

12. Un madtodo para producir la forma cruda (B) de
clorhidrato de lercanidipina de conformidad <con 1la
reivindicacién 2, caracterizado porque comprende los pasos
de:

a) hacer reaccionar el #Acido 2,6-dimetil-5-
metaxicarbonil=4-(3~nitrofenil)-1,4~dihidropiridin-3-
carboxilico con un cloruro Bseleccionado del grupo que
consiste de cloruro de tionilo y cloruro de oxalilo en un
solvente dipolar, aprético y un solvente polar, aprético para
producir el cloruro de carbonilo correspondiente;

(b) hacer reaccionar, in situ, el cloruro del
paso a) con el alcohol de 2,N-dimetil~«N-(3,3-difenilpropil)-
l-amino-2-propilo para producix al clorhidrato de
lercanidipina crudo; y

c) aislar el clorhidrato de lercanidipina crudo
del paso b) y recuperar la forma cxuda (B) de clorhidrato de
lercanidipina, en donde el paso (c) consiste esencialmente de
los siguientes pasos:

i’) lavar el clorhidrato de lercanidipina crudo del
paso (b) con agua;

ii’)} remover sl agua del paso i’), para producir una

| 68
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mezcla que tiene un contenido de agua de
aproximadamente 2%, medido de acuerdo con Karl
Fischer:;

iii’) concentrar la mezcla del paso ii’) y adicionar un
solvente para producir una solucién que tiene
aproximadamente el mismo volumen camo el volumen
inicial de la mezcla del paso ii’) y un contenido
de agua, de acuerdo con Karl Fischer, de entre
0.9 y 1.1%;

iv’) enfriar la soluciéon del paso iii‘’) para obtener
un sdélido;

v/} filtrar el sélido del paso iv');

vi’') resuspender el sélido del paso V') en un
solvente;

vii’) enfriar la suspensién del paso vi’); y

viii*’) filtrar y secar el sdélido obtenido para producir
la forma cruda (B) de clorhidrato de
lercanidipina.

13. El método de conformidad con la reivindicacién
12, caracterizado porque &l paso de reaccldn b) es conducido
a una temperatura entre -5 y +5°C.

14. El método de conformidad con la reivindicacién
12, caracterizado porque el cloruro es cloruro de tionilo.

15. El método da conformidad con la reivindicacidn

12, caracterizado porque el paso ¢} ii’) comprendes la
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ramocién de agua del paso i’) mediante el calentamiento a
reflujo azeotrépico para producir la mezcls.

16. El méatodo de conformidad con la reivindicacién
12, caracterizado poxque el paso ¢) iii’) comprende 1la
concentracién de la mezcla a 3/4 de su volumen inicial.

17. El método de conformidad con la reivindicacién
12, caracterizado porque el solvente en los pasos c) iii’) y
vi’) es acetato de etilo.

18. El método de conformidad con la reivindicacién
12, caracterizado porque el paso c¢) iv’) comprende el
enfriamiento de la solucién a una temperatura dentro del
rango de 0-5°C.

19. El método de conformidad con la reivindicacién
12, caracterizado porgue el paso c) vi’) ademds comprende
agitar la suspensién a 60-65°C durante aproximadamente 1
hora.

20. El método de conformidad con la reivindicacién
18, caracterizado porque el paso c) vii’) ademids comprende el
enfriamiento del s6lido a una temperatura entra 5 y 10°C.

21. El método de conformidad con la reivindicacidn
12, earacterizado porque el secado en el paso viii’) es5 en un
horne a aproximadamente 70°C.

22. El método de conformidad con cualqulera de las
reivindicaciones 3-21, -caracterizado porque el solvente

dipolar, apré6tico es dimetilformamida y el solvente polar,
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aprético es acetato de etilo.

23. La forma cristalina, aislada (I) de
clorhidrato de lezcanidipina, caracterizada porque tiene el
patrén de difraccién de rayos X, a una longitud de onda Ka,
como sSe muestra en la figura 11.

24. La forma cristalina de lercanidipina de
conformidad con la reivindicacién 23, caracterizada porgque
las distancias, relaciones (I/Io), y é&ngulos 20 de los picos

significantes en la figura 11 son:

D(X) Intensidad Relativa (I/lo) angulo 20
16.3 83 5.4
6.2 47 14.2
4.78 29 18.6
4.10 63 21.7
4.06 36 21.%
3.90 100 22.8

25. La forma  cristalina, aislada {1n de
clorhidrato de lercanidipina, caracterizada porque tiene un
patrén de difraceidon de rayos X, a la longitud de onda Ka,
como se muestra en la figura 12.

26. La forma cristalina de lercanidipina de
conformidad con la reivindicaclén 25, caracterizada porque
las distancias, relaciones (I/Io), y &nqulos 20 de los picos

significantes en la figura 12 son:

1A
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D({X) Intenaidad Relativa (I/Io) |éngulo 20
9.3 a5 9.5
6.0 45 14.7
5.49 65 16.1
4.6 52 19.1
4.27 74 20.8
3.81 11 23.4
3.77 100 23.6
3.58 44 24.8
3.54 29 25.2

27. Un método para producir l1la forma cristalina
(I) de clorhidrato de lercanidipina de conformidad con
cualquiera de las reivindicaciones 23 y 24, caracterizado
porque comprende:

d) adicionar un solvente de alcohol de 1 a §
dtomos de carbono que contiene un méAximo de 5% de agua (v/v)
a8 una forma cruda de clorhidrato de lercanidipina y calentar
bajo reflujo y con agitacién producir una solucidn clara:

e) enfriar la soluclén del paso d) y agitar hasta
que la concentracidn de clorhldrato de lercanldipina disuelto
en el solvente de cristalizacidén es € 2%; y

f) recuperar el sélido obtenido del paso e), y
secar el sdélido para producir la forma cristalina (I) de

clorhidrato de lercanidipina.

|72

6le6582 TiS: o 489003825 U9IAN Z309'440HIHN: T 91T pEad-22-834



10

15

20

25

1S-b2°d

a7

28. E]l método de conformidad con la reivindicacioén
27, caracterizado porque el paso f] comprende filtrar el
sdlido obtenido del pasc e), lavar el sélido con isopropanol
y £iltrar nuevamente el sbélido antes del secado.

29, E]l método de conformidad con la reivindicacién
27, caracterizado porque el alcohol del paso d) se selecciona
del grupo que consiste de Jisopropancl, etanol y etanol
anhidro.

30. E)] métedo de conformidad con la reivindicacién
27, caracterizado porque la forma cruda es la forma cruda (A)
de clorhidrato de lercanidipina, la forma cruda (B) de
clorhidrato de lercanidipina o la forma cruda (C) de
lercanidipina.

31. El método de conformidad con la reivindicacidn
27, caracterizado porque el paso d) ademds comprende filtrar
la sclucion calentada.

32. El método de conformidad con la reivindicaclén
29, caracterizado porgque cuando el alcohol de 1 a 5 atomos de
carbono es isopropanol, el paso e) comprende enfriar la
solucitn a una temperatura entre 30 y 40°C.

33. El método de conformidad con la reivindicacién
32, caracterizado porque el paso ®) ademis comprende agitar
durante un periodo de tiempo de 12-48 horas.

34. El método de conformidad con la raivindicacioén

27, caracterizado porque el secado en el paso f) toma lugar
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35. El método de conformidad con la reivindicacién
29, caracterizado porque cuando el alcohol de 1 a 5 atomos de
carbono es etanol, éste comprende los siguientes pasos

d’) proporcionar una mezcla de etanol y
clorhidrato de lercanidipina, calentar a reflujo bajo
agitacién y enfriar a 20°C y adicionar las semillas
eristalinas de 1a forma (I):

e’) enfriar adicionalmente la mezcla sembrada del
paso d’) y agitar hasta que la concentraclién de clorhidrato
de lercanidipina disuelto en el solvente de cristalizaclon es
£ 2% y

£’} recuperar el sélido del paso e’) para formar
la forma (I) de clorhidrato de lercanidipina.

36. El método de conformidad con la reivindicacion
35, caracterxizado porque Jla relacién de clorhidrato de
lercanidipina con el volumen del solvente en el pasa d') an
una relacién de volumen en pesc estd dentro del rango de
aproximadamente 1:4 a 1:6.

37. El método de conformidad con la reivindicacién
35, caracterizado porque la relacidn de 1:4.

38. El método de conformidad con la reivindicacién
35, caracterizado porque d’) ademds comprende filtrar la
solucién calentada.

39. El método de conformidad con la reivindicacién

|+4
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35, caracterizado porque el enfriamiento en el paso a’) ase
lleva a cabo a una temperatura entre 10 y 15°C.

40. El método de conformidad con la reivindicacioén
35, caracterizado porque el secado en el paso £') toma lugar
en un horno a 70°C.

41. El método de conformidad con la reivindicacidn
35, caracterizado porque las semillas auténticas de la forma
{(I) de lercanidipina se adicionan al final del enfriamiento
en los pasos &’) y d').

42. Un método para producir la forma cristalina
(I1) de clorhidrato de lercanidipina, que tiene un patrén de
difraccién de rayos X, en la longitud de onda Ka, como se
nuestra en la figura 12, de conformidad con cualguiera de las
reivindicacionas 25 y 26, el método estd caracterizado porque
comprende los pasos de:

d”) adicionar acetonitrxilo al clorhidzrato de
lercanidipina y c¢alentar la mezcla obtenida de esta manera
para formar una solucién;

e”} enfriar la solucién del paso d*) y agitar
hasta qua la concentraciédn de clorhidrato de lercanidipina
disuelto en el solvente de cristallzacidén es £ 2%; y

f“} recuperar el sélido del pasoc e”) y asecar el
86lido para producir 1la forma (II) de clorhidrato de
lercanidipina.

43. El1 método de conformidad con la reivindicaclén

135
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42, caracterizado porque el paso d”) comprenda calentar la
mezcla bajo reflujo con agitacidn.

44. El método de conformidad con la reivindicacion
42, caracterizado porque el paso e”) comprende enfriar la
solucién a temperatura ambiente.

45. El método de conformidad con la reivindicacién
42, caracterizado porque el paso e”) comprende agitar la
solucidn a temperatura ambiente durante 24 horas.

46. E]l método de conformidad con la reivindicacidn
42, caracterizado porque el paso de secado f“) toma lugar en
un horno.

47. El método de conformidad con la reivindicacién
42, caracterizado porque la forma cruda es la forma cruda (A)
de clorhidrato de lercanidipina, la forma cruda (B) de
clorhidrato de lercanidipina o 1la forma cruda (C) de
lercanidipina.

48. Un método para producir la forma cristalina
(II) de clorhidrato de lercanidipina, que tiene un patrén de
difraccién de rayos X, en la longitud de onda Ka, como se
muaestra en la figura 12, de conformidad con cualquiera de las
relvindicaciones 25 y 26, caracterizado porque comprande:

d”’) adicionar etanol o isopropancl con un
contenido de agua inferior a 10% en pesc al clorhidrato de

lercanidipina y calentar a zeflujo para producir una

solucién;

136
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e~') anfriar la solucién a una temperatura entre 20
y 40°C y agitar hasta que la concentracién de clozhidrato de
lercanidipina disuelto en el solvente de cristalizacién es £
2%; y

£f7’) recuperar al sélido producido del paso a”)
para producir la forma (II) de clorhidrato de lercanidipina.

49. El método de conformidad con la reivindicacidn
48, caracterizado porque el etanol se adiciona en al paso d*’').

50. El método de conformidad con la reivindicacién
48, caracterizado porque el contenido de agua del solvente en
el paso d*’) es entre 5 y 10%.

S1. El método de conformidad con la reivindicacién
48, caracterizado porque el paso f”') comprende filtrar el
s6lido y secar en un horno.

52. Un método para producir la forma cristalina
(II) de clorhidrato de lercanidiplna, gque tiene un patrén de
difraccién de rayos X, en la longitud de onda Ka, como se
muestzra en la figura 12, de conformidad con cualquiera de las
reivindicaciones 25 y 26, caracterizado porqua comprendea:

d””) dimolver al clorhidrato de lercanidipina crudo
o la forma cristalina (I} de clorhidrato de lercanidipina en
un solvente polar, prético o dipolar aprético que contiene
hasta 50% en peso de agua para producir umna solucién;

e””) agitar la soluciédn del paso d"") hasta que la

concantraciéon de clorhidrato de lercanidipina disuelto en el

7
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solvente de cristalizacion es € 2%; y

£”") xecuperar el sdlido del paso e””) para
producir la forma (II) de lercanidipina.

53. El método de conformidad con la reivindicacién
52, caracterizade porque ademas comprende irradiar con
ultrasonide y/o adicionar semillas cristalinas de la forma
{II) al paso e"”).

54. El método de conformidad con la reivindicacidn
52, caracterizado porque ademds comprende adicionar hasta 60%
de agua a la solucién del paso d¥”).

55. El método de conformidad con la reivindicacién
52, caracterizado porque el solvente polar, protico es un
solvente de alcohol.

56. El método de conformidad con la reivindicacién
52, caracterizado porque el solvente de alcohol se selecciona
del grupo que consiste de metanol, etanol, n-propancl e
isopropanol.

$7. El método de conformidad con la reivindicacién
52, caracterizado porque el solvente dipolar, aprético es N-
metilpirrolidona.

58. El método de conformidad con la reivindicacién
52, caracterizado porque Jla temperatura del paso d””) es
entre 20 y 70°C.

59. El método de conformidad con la reivindicacién

52, caracterizado porgue la agitacidn en el paso e””) toma

138
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lugar a una temperatura entre 20 y 25°C.

60. El método de conformidad con la reivindicacién
52, caracterizado porque el secado en el paso ") toma lugar
a 70°C.

61. Una composicién farmacéutica antlhipertensiva,
caracterizada poxrque comprende (1) clorhidrato de
lercanidipina cristalino y opcionalmente otras formas de
lercanidipina, en donde el clorhidrato de lercanidipina
cristalino se selecciona del grupo que consiste de la forma
cristalina (I) de clorhidrato de lercanidipina, la forma
¢ristalina (II) de clorhidrato de lercanidipina vy
combinaciones de las mismas que comprenden un contenido
predeterminado de cada forma cristalina y (2) al menos un
componente seleccionado del grupo gque consiste de un portador
© diluyente farmacéuticamente aceptable, un saborizanta,
edulcorante, conservador, tinte, sustancia aglutinante,
agente de suspensién, agente de dispersidén, colorante,
desintegrante, excipiente, lubricante, plastificante y aceite
comestible.

62. Una forma de dosificacién unitaria,
caracterlzada porque comprende la composicidn farmacéutica,
antihipertensiva de conformidad con la reivindicacién 61.

63. 1la forma de dosificacién unitaria de
conformidad con la reivindicacién 62, caracterizada porque la

forma de dosificacién es una forma de dosificaclén de

EX
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liberacién inmediata de lercanidipina.

64. La forma de dosificacidén unitaria de
conformidad con la reivindicacién 62, caracterizada porque la
forma de dosificacién es una forma de dosificacién de
liberacién sostenida de lercanidipina.

65. La forma de dosificacién unitaria de
conformidad con la relvindicacién 64, caracterizada porque la
forma de dosificacién comprende una fase de liberacién
inmediata de lexcanidipina y una fase de liberacién sostenida
de lercanidipina.

66. La forma de dosificacién |unitaria de
conformidad con la reivindicacién 65, caracterizada porque la
composicién comprende 0.1 a 400 mg de clorhidrato de
lercanidipina.

67. La forma de <doaificacién unitaxia de
conformidad con la reivindicacién 66, caracterizada porqua la
composicién comprende 1 @& 200 mg de clorhidrato de
lercanidipina.

66. La forma de dosificacién unitaxlia de
conformidad con la relvindicacién 67, caracterizada porque la
composicién comprende 5 a 40 mg de clorhidrato de
larcanidipina.

69. Una composicién antihipe:ténaiva.

caracterizada porque comprende cantidades predeterminadas de.

la forma cristalina (I) de clorhidrato de lercanidipina y l1a -

>
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forma cristalina (1I) de clorhidrato de lercanidipina.

70. La composicién antihipertensiva de conformidad
con la reivindicacién 69, caracterizada porque la forma
cristalina (I) de.clorhidrato de lercanidipina tiene un punto
de fusién de aproximadamente 197-201°C y la forma cristalina
(II) de clorhidrato de lercanidipina tiene un punto de fusioén
de aproximadamente 207-211°C, cuando los puntos de fusidén son
determinados como los picos de DSC.

71. La composicidn antihipertensiva de conformidad
con las reivindicaciones €9 y 70, c¢aracterizada porque 1la
relacién de la forma (I) con la forma (II) es entra 1:9 y
9:1.

72. La composicién antihipertensiva de conformidad
con la reivindicacion 71, caracterizada porque la relacién de
la forma (I):forma (II) se selecciona del grupo que consiste
de 9:1, 7:3, 1:1, 3:7 y 1:9.

73. La forma cristalina, aislada de lercanidipina
de conformidad con cualquiera de las reivindicaciones 23, 24,
45 o 26, caracterizada porque comprende un tamafio da
particula promedio de D (508) 2-8 um y D (9508) <15 pm.

74. La composicién farmacéutica, antihipertensiva
de conformidad con la reivindicacién 62, caracterizada porque
las formas cristalinas (I) y (II) de clorhidrato de
lezcanidipina tienen cada una un tamafo de particula promedio

de D (50%) 2-8 pm y D (90%) < 15 pm.

18l
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NUEVAS FORMAS POLIMORFICAS CRISTALINAS DE CLORHIDRATO DE

LERCANIDIPINA Y PROCESO PARA §U PREPARACION

CAMPO DE LA INVENCION

La invencién se dirige a nuevas formas crudas y
formas cristalinas de clorhidrato de lercanidipina y a
procedimientos para la preparacion de estas formas. También
se contemplan las composiciones farmacéuticas que comprenden

las nuevas formas cristalinaa.

ANTECEDENTES DE LA INVERCION

La lercanidipina (1,1,N~trimetil-N-(3,3-
difenilpropil)-2-aminoetil-~l, §-dihidro=-2, 6-dimetil-4~ (3=
nitrofenil)piridin-3, 5-dicarboxilato de  metilo) es un
antagonista calcico de dihidropiridina altamente lipoflilico
con una larga duracién de accién y alta selectividad
vascular. Su mecanismo de actividad antihipertensiva se
atribuye a un efecto relajante, directo sobre el misculo liso
vascular, lo cual disminuye la resistencis perifeérica total.
La dosis de inicio recomendada de lercanidipina como
monoterapia es 10 mg al dia por la ruta oral, c¢on una
titulacidén del farmaco como sea necesario para 20 mg al dia.
La lercanidipina es adsorbida rapidamente después de 1la
administracion oral con nivelas piqo en el plasma gque ocurran

2-3 horas después de la dosificacidon. La eliminacién es

REr: 153420
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esencialmente por medio de la ruta hepitica.

En virtud de su lipofilicidad alta y coeficiente
en las membranas alto, la lercanidipina combina un corto
periodo de vida util en el plasma con una larga duracioén
de accidn. De hecho, la distribucién preferencial del
Edrmaco en membranas de las células de misculo liso da por
resultado la farmacocinética controlada por la membrana
que astd caracterizada por un efecto farmacolégico
prolongade. En comparacién a otros antagonistas célcicos,
la lercanidipina esta caracterizada por un comienzo
gradual y duracién prolongada de acciébn a pesar de la
disminucién de los niveles en el plasma. Los estudios in
vitro muestran que la respuesta de la aorta aislada de
rata a K' alto puede ser atenuada por la lercanidipina, aun
después de que el farmaco ha sido removido del ambiente
del tejido adrtico durante 6 horas.

La lercanidipina es comercialmente disponible de
Recordati S.p.A. (Milan, Italia) y ha sido descrita junto con
métodos para elaborarla y resolverla en enantiémeros
individuales en las patentes norteamericanas Noa. 4,705,797;
5,767,136; 4,968,832; 5,912,351 y 5,696,139. Un procedimiento
para preparar la lercanidipina descrito en la patente
norteamericana No. 4,705,797 involucra el siguiente esquema

de reaccién:
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(1): xileno a refiujo. (2): wiuena, $5°C; (3) HCI + CHCly; 0°C: (4) HO-CH(CH,), u reflgjo

La lercanidipina cruda es un residuo olecso que
debe ser purificado mediante la cromatografia con evaporacioén
instanténea utilizando cloroformo, que contiene cantidades
crecientes de acetona, como el eluyente. E1l solvente luego es
evaporado a sequedad y el residuo restante es disuelto en
metanol adicionandoc un pequeflo exceso da &cido clorhidrico en
etanol. Después de la evaporaciédn del solvente, la sal de
clorhidrato semihidratada es preparada madiante el
tratamiento con 4cido clorhidrico diluido en presencia de
clorurc de sodio.

Una desventaja principa)l del procedimiento para
preparar la lercanidipina, como se describe en la patente
norteamericana No. 4,705,797, es que la reaccidén da

ciclizacién descrita genera varios subproductos, lo cual da

203

6166982 14S: W JOSERE2S WDAN ZA0940HIHN: 3]  bEIST bEa2-2a-a34



10

15

20

25

ibsbd

por resultado un rendimiento inferior para el producto
deseado. Ademds, la purificacién y aislamiento da 1la
lercanidipina de la mezcla de reaccidn son muy complejos,
pUesto que requiersn numerosos tratamientos con diferentes
solventes. Finalmente, los pasos de purificaciéon y
aislamiento son dificilas de realizar a una escala industrial
debido a la necesidad de purificar el producto mediante la
cromatografia en columna.

La patente norteamericana No. 5,912,351 describe un
proceso més simple para la preparacién de clorhidrato de
lercanidipina. Este involucra la reaccién del 4cido 1,4-
dihidro-2, 6-dimetil~5-metoxicarbonil-4-(3-nitrofenil)-
piridin=3-carboxilico con cloruro de tionilo en diclorometano
y dimetilformamida a una temperatura entre -4 y +1°C y la
esterificacién subsecuente del cloruro de &cido obtenido con
al alcohol de 2,N-dimetil=-N-(3,3-difenilpropil)-l-amino=~-2-
propilo & una temparatura entre -10 y 0°C. El procedimiento
produce clorhidrato de lercanidipina en una forma cristalina,
no higroscdpica, anhidra y evita la formacién de subproductos
indeseados y la purificacidén subsacuente en columnas para la
cromatografia.

Sin embargo, el aislamiento de cloruro de
lercanidipina en forma cristalina es nuevamente muy complejo.
Daspués de la evaporaciédn del solvente de la mezcla de

reaccién y la disolucién del residuc obtenido de esta manera
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en acetato de etilo, la solucidén se lava primero con
salmuera, luego se lava cinco veces adicionales 'con una
solucién al 10% de carbonato de sodio, cinco veces con acido
clorhidrico 1IN y eventualmeante una vez mids con salmuera.

Por lo tanto, existe la necesidad an al campo por
un procedimiento para la preparacién de clorhidrato de
lercanidipina en forma cristalina que evite una o mas de las
degsventajas de los procedimientos actualmente utilizados.

Ademés, se observd que la lercanidipina, producida
por medio del segundo procedimiento descrito anteriormente,
exhibld variabilidad de lote a lote a pesar de un control
cuidadoso del procedimiento y aun la obsarvacién del punto de
fusidn que se creia era caracteristico del producto sélido
obtenlido por medio del procedimiento del ejemplo 3 de la
patente norteamericana No. 5,767,136 de 186-188°C. Esata
variabilidad fue manifiesta en las diferencias que aparacen
(y desaparecen) aparentemente imposibles de predecir en uno o
mas de la apariencia del producto (por ejemplo color), punto
de fusién y solubilidad. Esto provocd problemas en cuanto a
8i se podrian dar g¢garantias de pureza y/o reproducibilidad
(por ejemplo a autoridades reguladoras) que el producto
siempre fuera el mismo.

La investigacién adicional por los presentes
inventores ravald diferencias de 1lote a lote en 1la

biodisponibilidad en animales y diferencias en el tamafio de
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los cristales. En el curso de la investigacidn de las causas
del problema de variabilidad, los inventores deacubrieron
sorprendentemente nuevos polimorfos de clorhidrato de
lercanidipina. Ellos también descubrieron procedimientos mis
adecuados para la preparacién y aislamiento de productos
cristalinos de clorhidrato de lercanidipina a partir de la
mezcla de reacclédn. Se determind sorprendentemente gque el
clorhidrato de lercanidipina muestra caracteristicas
polimérficas y se cristaliza en diferentes formas cristalinas
dependiendo del proceso seguido y de los solvantes
utilizados. Ademés, se ha vuelto posible el aislamiento de
cada polimorfo cristalino, individual, disminuyendo de esta
manera la posibilidad de variabilidad de lote a lote de 1la
lercanidipina, lo cual los prasentes inventores determinaron
que fue debido a que estaban presentes mez2clas de diferentes
formas 86lidas en el mismo lote y a que tales mezclas de
diferente composiclién tenian puntos de fusién dentro del
mismo rango raducido como las formas individuales. Como
resultado, fueron necesarios lotes mAs reproducibles de
lercanidipina que fueron mas adecuados para la praduccién a

gran escals y el control de calidad.

BARVE DESCRIPCION DE 1A INVENCION

La presente invencién proporciona nuevas formas

crudas y formas cristalinas de clorhidrato de lercanidipina y
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procedimientos para su preparacién.

En una modalidad, la invencién proporciona la nueva
forma cruda (A) de clorhidrato de lercanidipina, la cual
tiene un punto de fusién de aproximadamente 150-152°C (piceo
de DSC) y comprende aproximadamente 3-4% (p/p) de acetato de
etilo.

En otra modalidad, la invenclédn proporciona 1la
nueva forma cruda {B) de clorhidrato de lercanidipina, la
cual tiene un punto de fusién de aproximadamente 131-135°C
{pico de DSC) y comprende aproximadamente 0.3-0.7% (p/p) de
acetato de etllo.

Se proporcionan métodos parca la sintesis
independiente de 1la forma cruda (A) de cloxhidrato de
lexcanidipina y 1la forma cruda (B) de clorhidrato de
lexcanidipina, que hacen posible se obtenga cada forma cruda
en forma aislada.

En una modalidad adicicnal, se proporciona una
forma cristalina aislada (I) de clorhidrato de lercanidipina,
la cual tiene el siguiente patxén de difraccién de rayos X, a
la longitud de onda Ko, en donde las distanclas entre los
picos (D en X), relaciones de intensidad relativa (I/lo) y

dngulos de los picos significantes (26) son:

D({X) Intensidad Relativa (I/Io) |4dngulo 20

16.3 83 5.4
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8
6.2 47 14.2
4.78 29 18.6
1.10 63 21.7
4.06 36 21.9
3.90 100 22.8

La forma cristalina (I) de clorhidrato de
lercanidipina tiene un punto de fusién de aproximadamente
197-201°C, cuando el punto de fusién se determina como el
pico de DSC.

En una modalidad alternativa, se proporcliona 1la
forma cristalina, aislada (I1) de clorhidrato de
lercanidipina, 1la cual tiene el siguiente patrén de
difraccién de rayos X, a la longitud de onda Ka, como se
muestra en donde las distancias, relaciones (I/Io) y &ngulos

20 de los picos significantes son:

D{X) Intensidad Relativa (I/Xo) Jangulo 20
9.3 a5 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
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3.58 44 24.0

3.54 29 25.2

La forma cristalina (II) de clorhidrato de
lercanidipina tiene un punto de fusién de aproximadamente
207-211°"C, cuando el punto de fusién se determina como el
pico de DSC.

De esta manera, la presente invencién permite
obtener mezclas de la forma 1 y la forma II que tienen un
contenido predeterminado y reproducible de cada forma Yy,
opcionalmente, también otras formas de lercanidipina, tales
como amorfos.

Tamblén se proporcionan métodos de sintesis en los
cuales cada forma cristalina, aislada (I) y (II) de
clorhidrato de lercanidipina se puede obtener,
independientemente, del material de inicio de la forma cruda
(A) o la forma cruda (B) de clorhidrato de lercanidipina.

También se proporcionan composiciones farmacéuticas
que comprenden (1) clorhidrato de lercanidipina crilstalino y
opcionalmente otras formas de lercanidipina, tales como
amorfos, en donde el clorhidrato de lercanidipina cristalino
se gelecciona del grupo que consiste de la forma cristalina
(I) de clorhidrato de lercanidipina, forma cristalina {(II) de
clorhidrato de larcanidipina y combinaciones de las mismas

que comprenden un contenido predeterminado de cada forma
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cristalina y {2) al menos un componante seleccionado del
grupo que consiste de un portador o diluyente
farmacéuticamente aceptable, un saborizante, edulcorante,
conservador, tinte, sustancia aglutinante, agente de
suspensién, agente de dispersidn, colorante, desintegrante,
excipiente, lubricanta, plastificante y aceite comestible.

En clertas modalidades, las composiciones
farmacéduticas mencionadas anteriormente se proporcionan como
una forma de dosificacién que comprende la forma cristalina
(I) o (II) de clorhidrato de lercanidipina o una combinacién
de las mismas que tiene una formulacién predeterminada de
cada forma cristalina.

En las modalidades adicionales, 1la 1invencién
también proporciona métodos para el tratamiento de un sujeto
con hipertensién arterial, el métodoc comprende administrar
una cantidad terapéuticamente efectiva de la forma criatalina
{I) de clorhidrato de lercanidipina, forma cristalina (II) de
clorhidrate de lercanidipina o combinaciones de las mismas
que comprende un contenido predeterminado de cada forma a un
sujeto en necesidad de tal tratamiento.

En otras modalidades, se proporciona un método para
tratar o prevenir lesiones aterosclerdticas en las arterias
de un sujeto, el método comprende administrar a una cantidad
terapéuticamente efectiva de la forma cristalina (I) de

clorhidrato de lercanidipina, forma cristalina (II) de
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clorhidrato de lercanidipina o combinaciones de las mismas
que comprende una cantidad predeterminada de cada forma, a un
sujeto en necesidad de tal tratamiento. En un aspecto
preferido, un sujeto en necesidad del tratamiento es un
mamifero. Mas preferiblemente, el sujeto en necesidad del
tratamiento es un humano.

Estos y otros aspectos de la presente invencién
seran aparentes para agquellas personas de experiencla
ordinaria en el campo en vista de la presente descripcion,

reivindicaciones y figuras.

BREVE DESCRIPCION DE LAS FIGURAS

La figura 1 es una grafica del an&lisis DSC llevado
a cabo sobre la forma cristalina (I), de acuerdo con 1las
condiciones de trabajo descritas en el ejemplo 12. La
ordenada indica- el flujo de calor en mW y la abscisa indica
la temperatura en °C.

la figura 2 es una gréfica del andlislis DSC llevado
a cabo sobre la forma cristalina (II), de acuerdo con las
condiciones de trabajo descritas en el eljemplo 12. La
ordenada indica el flujo de calor en mW y la abscisa indica
la temperatura en °C.

La figura 3 es una gréAfica de los resultados de las
pruebas termogravimétricas llevadas a cabo sobra la forma (I)

y la forma (II), respectivamente, como se describe en el

211
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ejemplo 13. La abscisa indica la temperatura en °C y la
ordenada indica el porcentaje de variacién de masas.

La figura 4 es una griafica de solubilidad a 25°C de
las formas (I) y (II) en etanol en concentraciones de agua
crecientes. Los experimentos se describen en el ejemplo 15.
La ordenada indica el & de solubilidad expresado como p/p ¥y
la abscisa indica el % en peso de agua en etanol (cuyo titulo
es “"solubilidad en agua-etanol”).

La figura 5 es una grdfica de solubilidad a 40°C de
las formas (I) y (II) en etanol en concentraciones de agua
crecientes. Las pruebas se describen en el ejemplo 15. Ila
ordenada indica el % de solubilidad expresado como p/p Y la
abscisa indica el % en peso de agua en etanol.

La figura 6 muestra los espectros de RMN '°C en 1la
fase s6lida de la form. cristalina (I). Las seflales y
atributos de los idtomos de carbono correspondientes se pueden
encontrar en la tabla 4.

La figura 7 muestra los espectros de RMN !3C en 1la
fase sédlida de 1la forma cristalina (II). Las sedbales y
atributos de los &tomos de carbono correspondientes se pueden
encontrar en la tabla 5.

ILa figura 8 muestra los espectros IR de la forma
(I). Las sefiales y atributos correspondientes se puadan
encontrar en Jla tabla 6 (cuyo titulo as “Espactro IR de la

sustancla del fArmaco an la forma I").
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La figura 9 mueatra los espectros IR de la forma
(I1). las sefales y atributos correspondientes se pueden
encontrar en la tabla 7 (cuyo titulo es “Espectro IR de la
sustancia del farmaco en la forma II").

La figura 10 representa el porcentaje de
concentracién promedio del clorhidrato de lercanidipina en el
plasma de perros después de la administracidn da la forma
cristalina (I) y la forma cristalina (II) en una cantidad de
3 mg/kg, en la forma de una cdpsula de gelatina dura. La
ordenada indica el valor promedio de la concentracién en el
plasma y la abscisa incida el tiempo (en minutos).

Ias figuzxas 11 y 12 muestran los espectros de
difraccién de rayos X, en la longitud de onda Ka, de las
formas cristalinas (I) vy (II), respectivamente. Las
distancias {(d) en X, las relaciones (I/Io) y los valores de
los angulos 20 de la mayoria de picos significantes se pueden
encontrar en las tablas 1 y 2 posteriormente. La ordenada
indica el mimerc de conteos/segundo y la abscisa muestra los
valores de los angulos 20.

Las figuras 13 y 14 son diagramas del porcentaje de
cambio de masas como una funcién de tiempo en las pruebas de
higroscopicidad llevadas a cabo sobre las formas (I) y (II)
de clorhidrato de lercanidipina, respectivamente. La ordenada
a la izquierda indica al porcentaje de cambio de masas y la

ordenada a la derecha representa el porcentaje de humedad

2)3
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relativa; la abscisa indica el tiempo en minutas. El
protocolo para las pruebas de higroscopicidad se describe en
el ejemplo 14.

lLas figuras 15 y 16 muestran loa espectros de
difraccién de rayos X, a la longitud de onda Ka, de la forma
cruda (A} de clorhidrato de lercanidipina y de la forma cruda
(B) de clorhidrato de lercanidipina, respectivamente.

Las figuras 17 y 18 muestran los eapectroa Raman de
la forma cruda (A) de clorhidrato de lercanidipina y de la
forma cruda {(B) de clorhidrato de lercanidipina,
respactivamente, donda la ordena representa 1las unidades
Raman y la abscisa representa el nimerc de onda {cm™).

Las figuras 19 y 20 muestran los resultados del
andlisis termogravimérrico llevadoc a cabo sobre la forma
cruda (A) de clorhidrato de lercanidipina y sobre la forma
cruda (B) de clorhidrato de lercanidipina, respectivamente.
En estas figuras, la abscisa indica la temperatura (en °C) y

la ordenada indica el porcentaje de variaciédn de masas.

DESCRIPCION DETALLADA DE LA INVENCION

La presente invencidén describe las nuevas formas
crudas y formas cristalinas del clorhidrato de lercanidipina
y procedimientos para prepararlas. Los solicitantes han
determinado que el clorhidrato de lercanidipina axhibe

polimorfismo y se cristaliza en diferentes formas dependiendo

2)4
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del procedimiento seguido y de los solventes utilizados,
especialmente para la cristalizacién. Adicionalmente, las
diversas formas novedosas tienen distintas propiedades
quimicas y fisicas y perfiles de biodisponibilidad en
animales, inclusive el hombre, como se describe en este
texco.

Los métodos novedosos de preparacién de la forma
cruda de clorhidrato de lercanidipina son adecuados para la
produccién a escala comercial altamente raeproducible de las
composiciones sdélidas, reproducibles de clorhidrato de
lercanidipina. Los métodos producen de manera ventajosa las
nuevas formas crudas (A) y (B) del clorhidrato de
lercanidipina que también exhiben caracteristicas deseables
para aplicaciones industriales. Las formas crudas (A) y (B),
por ejemplo, exhiben solubilidad superior y velocidades de
secado mas rdpidas en comparacién con otras formas crudas de
clorhidrato de 1lercanidipina que han sido reportadas
previamente. Las forma crudas (A) y (B) permiten ademis que
ge utilicen procedimientos de cristallzacién simplificados
para la produccién de las nuevas formas cristalinas, aisladas
de clorhidrato de lercanidipina.

Las nuevas formas cristalinas, aisladas de
clorhidrato de lercanidipina de la presente invencién se
pueden obtener a partir de las formas crudas (A) y (B} de

clorhidrato de Jlercanidipina y se denominan la forma
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cristalina {I) y forma cristalina (II) de clorhidrato de
lercanidipina. Cualguiera de la forma aislada (I) o la forms
aislada (II) se puede obtener de manera reproducible a partir
de los productos intermediarios (A) y (B) al variar las
condiciones de cristalizacién descritas posteriormente. Las
formas (I) y (II) también se pueden obtener utilizando otros
materiales de inicio. Ambas formas (I) y (II} se pueden
obtener utilizando, por ejemplo, la forma cruda (C) de
lercanidipina como material de inicio, como se describe en
este texto. La forma (II) también se puede obtener utilizando
la forma (I) como material de iniclo, como se describe en
este texto.

Ambas formas cristalinas (I) y (II) de clorhidrato
de lercanidipina exhiben buena estabilidad. La forma (I) esti
caracterizada por un color amarillo mé&s pdlido, tamafic de
cristal mas pequefo, solubilidad superior en medios acuosos
(todo comparado con la forma (II)), y un punto de fusidn
(pico de DSC) dentro del rango de aproximadamente 197°C a
aproximadamente 201°C, mis especificamente, alrededor de
198.7°C y el patrén de difraccidon de rayos X expuesto, supra.

La forma (IX) estd caracterizada por un colox
amarillo méds pronunciado, tamafio de cristal més grande,
solubilidad ligeramente inferior en medios acuosos (todo
comparado con la forma (I)), y un punto de fusién (pico de

DSC) dentro del rangoe de aproximadamente 207-211°C, mas

2le
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especificamente alrededox de 209.3°C.

Tanto la forma (1) como la forma (II) son estables.
La forma (II) exhibié biodisponibilidad superior en el perro
y tampoco fue un equivalente para la forma I en el hombre,
mostrando una concentracién mis alta en el plasma (AUCo-t) y
un tiempo retardado de concentracién méxima (tmax), en
comparacién con la forma (I).

Los métodos previamente conocidos para producir el
clorhidrato de lercanidipina cristaline fueron inconsistentes
en la produccién del clorhidrato de lercanidipina con
caracteristicas fisicas y quimicas predecibles. Por lo tanto,
los métodos previamente conocidos tuvieron la propiedad
indeseable de produclr clorhidrato de lercanidipina que
varié, por ejemplo, en las propledades filsicoqulmicas, de
lote a Jlote, alin entre los lotes producidos por medio del
mismo procedimiento y bajo las mismas condicionea. Los
presentes inventores han descubierto que la fuente de la
inconsistencia exhibida por los métodos previamente conocidos
para preducir clorhidrato de lercanidipina es la presencia de
cantidades variantes & impredecibles de la forma cristalina
(II) de clorhidrate de lercanidipina. En contraste a los
métodos previamente <conocidos para la produccién de
clorhidrato de lercanidipina, la invencién proporciona las
nuevas formas cristalinas (I) y (II) que representan las

formas cristalinas de clorhldrato de lercanidipina de una

21%
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pureza y uniformidad que no se ha obtenido con las formas
sélidas previamente logradas de clorhidrato dea lercanidipina.

La puraza y uniformidad de las formas (I} y (II)
permite una facilidad incrementada en la produccién de formas
de dosificacién de lercanidipina, debido a, por ejemplo,
caractaristicas fisicoguimicas definidas mis precisamente,
tales como por ejemplo uniformidad incrementada del tamafio de
particula después de la micronizacién y solubilidad mds
reproducible. Las formas (I} y (II) también proporcionan
formas de doslificacién con caracteristicas farmacolégicas
definidas mds precisamente, por ejemplo bicdisponibilidad, en
comparaciéon con las formas de dosificacién logradas
previamente que variaron de lote a lote en Sus
caracteristicas fisicoquimicas.

En un estudio humano en el hombre, donde los
niveles en el plasma de lercanidipina fueron valorados
después de la administracién de una dosis individual de yas
sea la forma (I} o (II) de clorhidrato de lercanidipina, 1la
forma (I) tuvo un tiempo mis corto en la obtencién de la
concentracién méxima en el plasma, con relacidén a la forma
(II). Por lo tanto, la forma (I) es méAs adecuada para las
formulaciones y formas de dosificacién de liberacién
inmediata. A partir del mismo estudio, la forma (II) mostrd
una biodisponibilidad superior, con relacién a la forma (),

y de esta manera es adecuada para el uso en las formulaciones
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y formas de dosificacién de liberacién controlada. Por
consiguiente, la disponibilidad de las formas puras (I) y
(II} propoxciona la capacidad de mezclar los dos polimorfos
en formas de dosificacién con nuevas caracteristicas
controladas, por ejemplo una forma de dosificacién con tanto
un comienzo rapido como una accién blolégica sostenida.

Como se utiliza en este texto, el término “forma
cruda” se refiere a formas sdlidas, precipitadas que
comprenden cristales de un compuesto que no han sido lavadas
y/o recristalizadas para eliminar las impurezas (que incluye,
pero no estd limitado a, un solvente) gque pudieran estar
presentes. En la presente especificacién, las formas crudas
son referidas como las formas (A} y (B) del clorhidrato de
lercanidipina.

Como se utiliza en este texto, el término “forma
cristalina™ se refiere a cristales de un compuesto que han
sido lavados y recristalizados para remover las impurezas. En
la presente invencién, el término formas cristalinas se
refiexe a las formas (I) y (II) del clorhidrato de
lercanidipina. Estas formas cristalinas tienen una pureza
proporcionada por la CLAR > 99.3% y un contenido de solventes
residuales de <3000 ppm.

Como sme utiliza en este texto, el término
"polimorfismo” ae refiere a una propiedad de un compuesto

para cristalizarse en dos © mis formas con estructuras
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distintas. Las diferentes formas cristalinas se pueden

detectar directamente por medio de técnicas cristalogrificas

o indirectamente por madio de la valoracién de las

diferencias en las propledades fisicas y/o quimicas asociadas
5 con cada polimorfo particular.

Como se utiliza en este texto, un “sujeto en
necesidad del tratamiento” es un sujeto mamifero (por ejemplo
un humano) que sufre o estd en riesgo de desarrollar la
condicién particular que as tratada, por ejemplo,

10 hipertension esencial, hipertensién secundaria, hipertensién
sistélica ailslada, enfermedad coronaria del corazdén (por
ejemplo, angina asatable croénica, infarto al miocardiol,
insuficiencia cardiaca congestiva. Un sujeto en necesidad del
tratamiento para la  hipertensién arterial puede ser

15 ldentificado utilizando métodos bien conocidos en el campo
tales como, por ejemplo, por medio de 1la medicidn directa de
la presion sanguinea utilizando, por ejemplo, un
esfigmomanémetro manual, dispositivos
automdticos/electrénicos o el monitoreo ambulante de la

20 presidn sanguinea.

La presente invencién contempla cualquier método
que se pueda utilizar para producir las nuevas formas crudas
de clorhidrato de lercanidipina descritas en aste texto.
Estas formas tienen diferentes propiedades fisicoquimicas,

25 poxr ejemplo, puntos de fusién (los cuales se pueden
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determinar por medio del andlisis DSC), que la forma cruda
del clorhidrato de lercanidipina producida por otros métodos
conocidos, por ejemplo, por el método descrito en la patente
norteamericana No. 5,912,351; denominada forma (C). La forma
(A) tiene un punto da fusién de aproximadamente _150'(: a
aproximadamente 152°C (pico de DSC), la forma (B) tiene un
punto de fusién de aproximadamente 131°C a aproximadamente
135°C (pico de DSC) y la forma (C) tiene un punto de fusién
de aproximadamente 186°C a aproximadamente 192°C (pico de
DSC) . Adicionalmente, los estudios termogravimétricos
muestzran que la forma (A) comprende 3 - 4% de acetato de
etilo residual y la forma (B) comprende 0.3-0.7% de acetato
de etilo residual, en peso. Comparativamente, s8e ha
determinado qua @l solvente regsidual presente en la forma {(C)
es 0-0.1%.

Los aspectos de 1a invencién se dirigen a
procedimientos para la preparacién de clorhidrato de
lercanidipina, cada uno da por resultado una forma cruda
diferente del productoe. Los primeros dos pasos en la
produceiédn de cualquier forma cruda son ildénticos y son:

a) hacer reaccionar el &cide 2,6-dimetil-5-
metoxicarbonil-4~(3-nitrofenil)-1,4~-dihidropiridin-3-
carboxilico (preparado como se describe en la patente alemana
DE 2847 237) con cloruro de tionilo o cloruro de oxalilo en

una mezela de un solvente dipolar, aprético y de un solvente

22|
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polar, aprético para producir un compuesto de cloruro, y

(b} la reaccién in situ del cloruro obtenido del
paso anterior con el alecohol de 2,N-dimetil-N-(3,3-
difenilpropil)-l-amino-2-propilo, a una temperatura
preferiblemente entre -5 y +5°C, en una mezcla de un solvente
dipolar, aprético y de un solvente polar, aprético.

En una modalidad preferida, la mez2cla de un
solvente dipolar, aprético y de un solvente polar, aprético
es acetato de etilo y dimetilformamida utilizados en una
relacioén de 4:1.

Después de la reaccién in situ, el clorhidrato de
lercanidipina es aislado y recuperado de la mezcla. El método
de aislamiento utilizado determina 1la forma cruda del
clorhidrateo de lercanidipina que se obtiene. Siguiendo el
protocolo posterior (protocole «) se produce la forma (A):

i) lavar la mezcla del paso (b,
praferiblemente con agua,

ii) remover el agua de la mezcla de reaccién del
paso i), preferiblemente por medio de la destilacidén
azeotropica bajo vaclo a 200-300 mmHg a una temperatura
inferior a aproximadamente €0°C (preferiblemente a 40-50°C).

iii) concentrar la mezcla del pasa ii)
preferiblemante a aproximadamente 1/3 del volumen inicial a
la miama temperatura y presién como en el paso (ii),

adicionar solvente nuevo (por ejemplo, acetato de etilo) para
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obtaner preferiblemente el volumen inicial, obteniende de
esta manera una suspensién con un contenido de agua,
determinado de acuerdo con Karl Flscher (Farmacopea
norteamericana 25, Método 921), preferiblamente entre 0.10 y
0.15%;

iv) enfriar la suspensién del paso iii}
preferiblemente a 0-5°C;

v) filetrar el sdlido del paso iv):

vi) resuspender el s6lido del paso V)
preferiblemente en acetato de etilo y agitar preferiblemente
a 60-65°C durante aproximadamente 1 hora; y

vii) enfriar a 5-10°C, filtrar y secar el sélido
obtenido (por ejemple, en un horno a aproximadamente 70°C).

El segundo proceso (protocolo f; utilizado para
preparar la forma (B)) se realiza utilizando los siguientes
pasos:

1) lavar la mezcla del paso (b) preferiblemente
con agua,

117} remover el agua del paso i’) preferiblemente
mediante el calentamiento a reflujo de manera azeotrdpica del
producto del paso i’} con un aparato Dean Stark hasta que se
obtiene un contenido de agua de aproximadamente 2%, medido de
acuerdo con Karl Fischer;

iii’) econcentrar la mezcla del paso ii’)

preferiblemente a ?*/, del volumen inicial y adicionar

223
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solvente nuevo (acetato de etilo) a la mezcla preferiblemente
hasta que (1) sa obtenga el volumen inicial y (2) se obtenga
un contenido de agua, medido de acuerdo con Karl Fischer,
entre 0,9 y 1.1%;

iv’) enfriar la solucién del paso 1ii’)
preferiblemente a 0-5°C para obtener un sélido:

v') filtrar el sélido del paso iv’):

vi’) resuspender el sélido del paso v')
preferiblemente en acetato de etilo y agitar prefariblemente
a 60-65°C durante aproximadamente 1 hora; y

vii’) enfriar 1la suspensién del paso vi’})
preferiblemente a 5-10"C, filtrar y secar el sélido obtenido,
preferiblemente en un horno a aproximadamente 70°C.

La temperatura del paso vii’) debe aer controlada
cuidadosamente a 5-10°C para maximizar el rendimiento.

Estas nuevas formas crudas de clorhidrato de
lexcanidipina presentan la ventaja de solubilidad superior y
velocidad de secado mis rdpida en comparacién con la forma
(C) y hacen posible un procedimiento de cristalizacién
adicional, simplificado (el cual se puede utilizar de manera
ventajosa para preparar la forma (I) o forma (II)). Comparado
con la forma cruda producida por el método de la patente
norteamericana No. 5,912,351, estas formas permiten al usa de
menos solvente para recristalizar el compuesto. Esto también

incrementa el rendimiento al reducir la pérdida de compueato,
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Adicionalmenta, los métodos utilizados para producir estas
formas crudas son mis adaptables para el uso en un entorno a
gran escala y un entorno comercial.

Se ha descubierto sorprendentemente que cada una de
la forma cruda (A) y la forma cruda (B) del clorhidrato de
lercanidipina, cuando se someten a diferentes tratamientos de
purificacién, dan por resultado dos formas cristalinas nuavas
y diferentes del clorhidrato de lercanidipina. Los estudios
indican que estas nuevas formas cristalinas tienen diferentes
propiedades fisicas y quimicas. El andlisis DSC de la forma
cristalina (I) indica que tiene un pico da fusién de
aproximadamente 197°C a aproximadamente 201°c,
especificamente alrededor de 198.7°C. El anédlisis DSC de la
forma cristalina (II) indica que tiene un pico de fusion de
aproximadamente 207°C 3 aproximadamente 211°C,
especificamente alrededor de 209.3°C.

Un procedimiento de purificacién (procedimiento y),
que conduce a la formacién de una de las nuevas formas

cristalinas (forma I), comprende los sigulientes pasos:

Prooadimianto para Elaborar la Forma (I)

d) adicionar isopropanol al <clorhidrate de
lercanidipina crudo (forma (A) o forma (B)) y calentar bajo
reflujo con agitacién para producir una solucién (si 1la

solucidén no es clara, se debe filtrar en caliente):

223
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e) enfriar 1a soluclon del paso d)
preferiblemente a una temperatura entre 30 y 40°C, y agitar
durante un periodo de tiempo preferiblemente entre 12 y 48
horas para producir un sélido; y

5 f) filtrar el a6lido obtenido del paso &), lavar al
sélido con isopropancl, filtrar nuevamente el sélida y secar el
sélido (por ejemplo, en un horno) preferiblemente a 70°C durante
un pericde de tiempo preferiblemente entre 12-48 horas.

La forma cruda (C) también puede utilizarse como

10 material de inicio en el paso d). En este caso, sin embargo,
existe el riesgo de un rendimianto disminuido del producto
debido a que la solucidén debe ser filtrada en caliente, dando
por resultado una pérdida incrementada del clorhidrato de
lercanidipina en el paso d). En el pasoc e), 1la cristalizacién

15 se considera compleata cuando el contenido de la solucidén es
<2% de HCl de lercanidipina. También se pueden utilizar otros
alcoholes como el solvente en el paso d). Un solvente
alternativamente preferido es un alcohol de 1 a 5 Atomos de
carbono que contiene un miximo de 54 de agua, por ejemplo

20 etanol anhidro. La forma cristalina (I) puede adicionarse en
el paso (e) como semillas para promover adicionalmente 1la

formacién de cristales.

Procedimiento Altarnative para Elsboarar la Forma (1)
25 La presente solicitud también contempla un método
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alternativo para preoducir la forma cristalina (I) que tiene
clorhidrato de lercanidipina que comprende los pasos de:

d*) adicionar etanol al clorhidrato de
larcanidipina crudo, preferiblemente a una relacién de
peso/volumen de clorhidrato de lercanidipina solvente de 1:4
a 1l:6, més preferiblemente 1:4, calentar a reflujo bajo
agitacitén a fin de obtener una solucién (sl la solucién no es
clara, se debe filtrar en caliente de preferencia), enfriar
bajo agitacién, preferiblemente a 22°C, y adicionar semillas
cristalinas de la forma (I);

e’) enfriar la mezcla sembrada dal paso d’),
preferiblemente a una temperatura entxe 10 y 15°C, y agitar a
esta temperatura durante un periodo de tiempo preferiblemente
entre 24 y 96 horas para formar un sbdlido; y

£’y filtrar y secar el 36lido del paso e’),
preferiblemente en un horno a preferiblemente 70°C para
obtener la forma (I) de clorhidrato de lercanidipina.

En el paso @&’), la cristalizacién se considera
completa cuando el contenido de la solucién es <2% de
clorhidrato de lercanidipina. Las semillas cristalinas de la
forma (I) también se pueden adiclonar a los pasos e’) para

promover adicionalmente la formacidén de cristales.

Procedimiento a Elaborar la Forma (IX

El segundo procedimiento de purificacion
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(procedimiento k), el cual produce la forma cristalina (II),
comprende los pasos de:

d”) adicionar acetonitrilo al clorhidrato de
lercanidipina crudo (forma (A) o forma (B)) y calentar la
me2¢cla bajo reflujo y agitacién,

e¥) enfriar la mezcla del paso d”) a temperatura
amblente y agitar preferiblemente durante 24 horas para
formar un sélido,

£”) filtrar el s6lido obtenido del paso e*) y
sacarlo preferiblemente en un horno.

En el paso e”), la cristalizacién se considera
completa cuando el contenido de la solucién es <2% de HCl de
lercanidipina.

La presente 8solicitud también contempla dos métados

adicionales para producir la forma (II).

Primez Procedimiento Altsznativo pacra Elaborar la Forma (II)

El primer método alternativo comprende loa pasos
de:

d”’) adicionar isopropanol o etanol,
preferiblenente etanol con un contenido de agua
preferiblemente entre 5 a 10% en peso a clorhidrato de
larcanidipina, calentar a reflujo con agitacién para producir
una solucléon;

e”") enfriar la mezcla a2 una temperatura

228
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preferiblemente antre 20 y 40°C y agitar durante un periodo
preferiblemente entre 24 y 96 horas para formar un sélido;
£#') filtrar el sbéblido y secar (por ejemplo en un
horno) a preferiblemente 70°C durante 12-18 horas para
5 producir la forma (II) de clorhidrato de lercanidipina.
En el paso e"’), la cristalizacién se considera
completa cuando el contenido de la solucidén es <2% de HCl de

lexcanidipina.

10 Segundo Método Altavsativo pava la Elaboracién de la Forma
1)

El segundo método alternativo para obtener el
polimorfo de la forma (II) comprende los pasos de:
d””) disolver el clorhidrato de lercanidipina
15 crudo o su forma cristalina (I} en solventes polares,
préticos o dipolares, apréticos praeferiblemente que contienen
hasta 50% en peso de agua a una temperatura preferiblemente
entre 20 y 70°C para producir una solucién:
e*”}) agitar la solucién del paso d"”) a una
20 temperatura preferiblemente entre 20 y 25°C para producir una
solucidn;
£~”) £filtxar el sélido del paso e””) y secar (por
ejemplo, en un horno} a preferiblemente 70°C durante
preferiblemente 12-18 horas.

25 Bl segundo método alternativo puede comprender
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opciocnalmente el paso de adiclonar hasta 60% de agua & la
solucién del paso d””) antes del paso e&*”), El segundo método
alternativo puede comprender ademds lrradiar con ultrasonldo
y/o adicionar preferiblemente semillas cristalinas,
autenticas de la forma (1I) al paso e*”). En el paso &*¥), la
cristalizacién se considera completa cuando el contenido de
la solucidén es <2% de HCl de lercanidipina. En una modalidad
preferida, el solvante polar, prético es un solvente
alcohdlico tal como, pero no limitado a, metanol, etanol, n-
propanol e isopropanol. En otra modalidad preferida, el
solvente dipolar, aprético es N-metilpirrolidona.

El procedimiento preferido para preparar la forma
(I) es el procedimiento Yy y el procedimiento preferido para
preparar la forma (II}) es3s el procedimiento &. Los
solicitantes han determinado que la forma (I) puede obtenerse
cuantitativamente por medio del uso de un alcohel anhidro de
1 a 5 Atomos de carbono {preferiblemente etanol o isopropanol
anhidro) o un alcohol de 1 a 5 atomos de carbono que contiene
hasta 5% de agua bajo condiciones controladas d'-f°). De
hecheo, 1los procedimientos anteriores, especialmente los
procedimientos y y B, se pueden utilizar para producir el
polimoxfo deseado de manera reproducible y consistente.

Ademds de las diferencias en el punto de fusién,
las dos formas cristalinas exhiben diferencias en 1la

estructura de rayos X, solubilidad y biodisponibilidad. Los
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estudios de solubilidad muestran gque la forma (1) es mds
soluble que la forma (II) en agua, etancl y mazclas de los
mismos (véase las tablas 2 y 3). Los estudio de
biodisponibilidad en perros y humanos indican que la forma
(II) es més biodisponible que la forma (I). Sin embaxgo, el
estudio en humanos también indica que la forma (I) tiene un
tiempo ma&s corto para la concentracién mdixima obtenible y de
esta manera es adecuado para el uso en las formulaciones y
formas de dosificacién de liberacién inmediata. Finalmente,
los estudios de difraccidn de rayos X muestran que astas dos
formas tienen diferentea patrones de difraccién (véase las
figuras 11 y 12 y el ejemplo 20). La forma I tiene un tamafio
de cristal, y per lo tanto un tamaflo de particula, mis
paquefio antes de la micronlzacién y de asta manera es mas
facil y mAs rapido para procesar que la forma II, lo cual
presenta cristales mas grandes.

La presanta solicitud ademAs describe formulaclocnes
farmacéuticas Yy formas de dosificacién wunitaria que
camprenden uno de los polimorfos aislados de la presente
invencién o una mezcla de 1los mismos del contenido de
polimorfos predeterminado.

La prasente invencién también se dirige a un método
para tratar a un Jsujeto con hipertension (por ejemplo,
hipertension esencial, hipertensién secundaria o hipertensién

sistélica aislada), enfermedad coronaria del corazdén (por

23)
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ejemplo, angina estable cxénica, infarto al miocardio) o
insuficiencia cardiaca congestiva, el método comprende
administrar una cantidad terapéuticamente efectiva de 1la
forma criatalina, alslada (1) del clorhidrate de
lercanidipina, la forma cristalina (II} de clorhidrato de
laercanidipina o combinaciones de las mismas con un contenido
de polimorfos predeterminado (opcionalmente con otra forma de
lercanidipina, tal como la forma amorfa} a un sujeto en
necesidad de tal tratamiento.

La invencién también contempla un método para
tratar y prevenir lesiones ateroscleréticas en arterias de un
sujeto, el método comprende administrar wuna cantidad
terapéuticamente efectiva de la forma cristalina, aislada (I)
de clorhidrato de lercanidipina, la forma cristalina, aislada
(II) de clorhidrato de lercanidipina o combinaciones de las

mismas 3 un sujeto en necesidad de tal tratamiento.

Composiciones fazmacéuticas
Los compuestos y ©polimorfos de la presente
invencién se pueden formular en una composicién farmacéutica.

Las composiciones farmacéuticas de acuerdo con la presente

invencién pueden comprender clorhidrato de lercanidipina (1),

(II) o una mezcla de los mismos. Cuando los compuestos '

contienen una mezcla da las formas criatalinas, la relaciédn

del peso de la forma {I):(II) esté comprendida
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preferiblemante entre 1l:9 y 9:1, las modalidades mAs
preferidas de las composiciones farmacéuticas son aquellas en
donde la relacidén del peso de (I):{II} se selecciona de: 9:1,
7:3, 1:1, 3:7 y 1:9. La composicién farmacéutica también
puede incluir aditivos opcionales, tales como un portador ©
diluyente farmacéuticamente aceptable, un saborizante,
edulcorante, conservador, tinte, sustancia aglutinante,
agente de suspensidn, agente de dispersién, colorante,
desintegrante, excipiente, agente formador de pelicula,
lubricante, plastificante, aceite comestible ¢ cualquier
combinacién de dos o mis de los antaeriores.

Ambas formas cristalinas pueden someterse a la
micronizacion, utilizando cualquier método conocido en el
campo. El tamafio promedio de la particula producida por este
método es preferiblemente D{50%)2-8 pm, D(90%)<15 um.

Los portadoras o diluyentes farmacéuticamente
aceptables, adecuados incluyen, pero no estén limitados a,
etanol: agua; glicerol; propilenglicol; gel de aloe vera:
alantoina; glicerina; aceites de vitamina A y E; aceite
mineral; propionato de miristile PPG2; carbonato de magnesio;
fosfato de potasio; aceite vegatal; aceite animal; y
solketal™,.

Las sustancias aglutinantes adacuadas incluyen,
pero no estan limitadas a, almidén: gelatina; azucares

naturales, tales como glucosa, sacarosa Yy lactosa;
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edulcorantes de malz; gomas naturales y sintéticas, tales
como acacia, tragacanto, goma vegetal y arginato de sodio;
carboximetilcelulosa; hidroxipropilmetilcelulosa;
pelietilenglicol; povidona: ceras: y similares.

Los dasintegrantes adecuados incluyen, pero no
estén limitados a, almidén, por ejemplo almidén de maiz,
metilcelulosa, agar, bantonita, goma de Xantano, glicolato de
almidén sédico, crospovidona y similares.

Los lubricantes adecuados incluyen, pero no estan
limitados a, oleatoc de sodio, estareato de sodio, estearil-
fumarato de sodio, estearato de magnesio, benzoato de sodio,
acetato de sodio, cloruro de sodlo y similares.

Un agenta de suspensién adecuado es8, pero no esta
limitado a, bentonita, alcoholes iscestearilicos etoxilados,
polioxietilen-sorbitol y ésteres de sorbitan, celulosa
microcristalina, metahidréxido de aluminlo, agar-agar vy
tragacanto, © mezclas de dos o mis de estas sustanclas y
similares.

Los agentes de dispersién y suspensidén adecuados
incluyen, pero no estan limltados a, gomas sintéticas y
naturales, tales como goma vegetal, tragacanto, acacia,
alginato, dextrano, carboximetilcelulosa de sodio,
metilcelulosa, polivinilpirrolidona y gelatina.

Los agentes formadores de pelicula adecuados

incluyen, pero no estan limitadas a,
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hidroxipropilmetilcelulosa, etilcelulosa y polimetacrilatos.

Los plastificantes adecuados incluyen, pero no
estdn limitados a, polietilenglicoles de diferentas pesaos
moleculares (por ejemplo 200-8000 Da) y propilenglicol.

Los colorantes adecuados incluyen, pero no estédn
limitados a, o6xido(s) férrico(s), didéxido de titanio y lacas
naturales y sintéticas.

Los aceites comestibles adecuados incluyen, perao no
estdn limitados a, aceite de semilla de algodén, aceite de
ajonjoli, aceite de coco y acelte de cacahuate.

Los ejemplos de aditivos adicionales incluyen, pero
no estan limitados a, sorbitol, talco, &cido estedrico,

fosfato dicalcico y polidextrosa.

Yormas de Dosificacidén Unitaria

Las composiciones farmacéuticas se pueden formular
como formas de dosificaclidédn unitaria, tales como tabletas,
pildoras, capsulas, comprimidos oblongos, boles, polvos,
grénulos, soluciones parenterales estériles, suspensiones
parenteralas esatdriles, emulsiones parenteralaes eastériles,
elixires, tinturas, aerosoles medidos o0 pulverizaclones
liquidas, gotas, ampolletas, dispositivos autoinyectores o
supositorios. Las formas de dosificacidn unitaria se pueden
utilizar para la administracién oral, parenteral, intranasal,

sublingual © rectal o para la administraecidén por medio de la
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inhalacién o insuflacién, parches transdérmicos y una
composicién liofilizada. En general, se puede wutilizar
cualquier suministro de ingredientes actives que de por
resultado la disponibilidad sistémica de los mismos.
Preferiblemente, la forma de dosificacién unitaria es una
forma de dosificacién oral, mis preferiblemente una forma de
dosificacién oral, sélida, por lo tanto, las formas de
dogificacién preferidas son las tabletas, plldoras,
comprimidos oblongos y cépsulas. También se prefieren las
preparaciones parenterales (pox ejemplo, preparaciones
inyectables y preparaciones para sistemas de administracidn
de polvo por chorro).

Las formas de dosificacién unitaria, sélidas se
pueden preparar al mezclar un agente activo de la presente
invencidén con un portaaor farmacéuticamente aceptable y
cualquier otro aditivo deseado como se describiera
anteriormente. la mezcla es combinada tipicamente hasta que
se forma una mezcla homogénea de los agentes activos de la
presente invencidén y el portador y cualquier otro aditivo
deseado, es decir, hasta que el agente activo es dispersado
uniformemente por toda la composicién. En este caso, las
composiciones pueden formarse como grAnulos secos o himedos.

Las formas de dosificacién con cantidades
predeterminadas de clorhidrato de lercanidipina se pueden

formular iniciando con composiclones con cantidades conocidas
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de clorhidrato de lercanidipina utilizando métodos bien
conocidos en el campo. En una modalidad preferida, una forma
de dosificacién se obtiene al mezclar composiciones que
comprenden cantidades conocldas de clorhidrato de
lercanidipina cristalino, por ejemplo la forma (I) o (II),
que incluye opcionalmente clorhidrato de lercanidipina no
cristalino. Se prefiere adicionalmente donde una forma de
dosificacién con cantidades predeterminadas de clorhidrato de
lercanidipina cristalino es formulada al mezclar
composiciones que comprenden clorhidrato de lercanidipina
criatalino, esencialmente puro, se mezclan para dar formas de
dosificacitin que comprenden una relacién predeterminada de
las forma cristalinas (I} y (II).

Las thbletaa o pildoras pueden ser revestidas o de
otra manera combinadas para dar una forma de dosificacién
unitaria, la cual tiene accién retardada y/o prolongada, tal
como formas de dosificacién wunitaria de 1liberacién
cronometrada y de liberacién sostenida. Por ejemplo, la
tableta o plldora puede comprender una dosificacidén interior
y un componente de dosificaclon exterior, el Gltimo estd en
la forma de una capa © envoltura sobre la primera. Los dos
componentes se pueden separar por medio de una capa entérica,
la cual sirve para resistir la desintegracién en el estémago
Yy permite que el componente interior pase intacto dentro del

duodeno o que sea retardado en su libaracién.
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Los polimeros biodegradables para controlar la
liberacién de los agentes activos incluyen, pero no estan
limitados a, &cido polilactico, poliepsilon-caprolactona,
dcido polihidroxi-butirico, poliortoésteres, poliacetales,
polihidro-piranos, policianoacrilatos y copolimeros de bloque
reticulados o anfiphAticos de hidrogeleas.

Para las formas de dosificacién liquidas, las
sustancias activas o sus sales fisloldgicamente aceptables se
ponen en solucidn, suspensién o emulsidn, opcionalmente con
las sustancias usualmante emplaeadas tales como
solubilizadores, emulsionantes u otros auxiliares. Los
solventes para las combinaciones activas y 1las sales
fisioldgicamente aceptables, correspondientes pueden incluir
agua, soluciones de sales (fisiologicas o alcoholes, por
ejemplo etanol, propanodiol o glicerol. Adicionalmente, ase
pueden utilizar gsoluciones de azucar tales como soluciones de
glucosa © manitol. Ademds, una mezcla de los diversos
salventes mencionados se puede utllizar en la presente
invencién.

Una forma de dosificacién transdérmica también estd
contemplada por la presente invencidn, Las formas
transdérmicas pueden sex un sistema transdérmico impulsado
per la difusidn (parche transdérmico) utilizando ya sea un
recipiente de fluido o un sistema de matriz de fdrmaco en

adhesivo. Otras formas de dosificacién transdérmicas
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incluyen, pero no estdn limitadas a, geles tépicos, lociones,
unglentos, sistemas y dispositivos transmucosa y sistemas de
suministro iontoforéticos (difusién eléctrica). Las formas de
dosificacién transdérmica se pueden utilizar para 1la
liberacidén cronometrada y la liberacién sostenida de los
agentes activos de la presente invencidn.

Las composiciones farmacéuticas y las formas de
dosificacidén unitaria de la presente invencién para la
administracién de manera parenteral, y en particular pox
medio de inyeccién, Iincluyen tipicamente un portador
farmacéuticamente aceptable, como s5e dascribiera
anteriormente. Un portador liquido preferido es un acelte
vegetal. La inyeccidén puede ser, por ejemplo, intravenosa,
intratecal, intramuscular, intrarruminal, Jintratraqueal o
subcutdnea.

El agente activo también puede administrarse en la
forma de sistemas de suminlistro de liposomas, tales como
vesiculas wunilaminares pequeflas, vesiculas wunilaminares
grandes y vesiculas multilaminares. Los liposomas se pueden
formar & partir de una variedad de fosfolipidos, tales como
colesterol, estearilamina o fosfatidilcolinas.

Los polimorfos de la presente invencién también se
pueden acoplar con polimeros solubles como portadores de
firmacos que se pueden fijar como objetivo. Estos poliméros

incluyen, pero no estén limitados a, polivinil-pirrolidona,
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copolimero de pirano, polihidroxipropilmetacril-amidofenol,
polihidroxi-etilaspartamidofencl y polietil-enoxidopolilisina

sustitulida con residuos de palmitoilo.

Administracidn

La composicién farmacéutica o las formas de
dosificacién unitaria de la presente invencién se pueden
administrar por medio de una variedad de rutas tales como
intravenosa, intratraqueal, subcutéinea, oral, mucosa,
parenteral, bucal, sublingual, oftdlmica, pulmonar,
transmucosa, transdérmica e intramuscular. Las formas de
dosificacion unitaria también se pueden administrar en forma
intranasal por medio del uso topico de vehiculos intranasales
adecuados o por medio de rutas transdérmicas, wutilizando
aquellas formas de parches transdérmicos para la piel
conocidos para aquellas personas expertas ordinarias en el
campo. Se prefiere la administracién oral.

La composicién farmacéurtica ¢ las formas de
dosificacién unitaria de la presente invencidén pueden
administrase a un animal, preferiblemente un ser humano, en
necesidad del tratamianto antihipertensivo. La composicién
farmacéutica o la forma de dosificacién unitaria de la
presente invencién ge pueden adminisptrar de acuerdo con un
régimen de dosificacién y administracién definido por medio

de una prueba de rutina en vista de las guias dadas
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anteriormente a fin de obtener la actividad antihipertensiva
éptima y una disminucidén en la presidn sanguinea mientras que
se minimiza la toxicidad o efectos secundarios para un
paciente particular. Sin embargo, este giro cuidadoso del
régimen terapéutico es una rutina en vista de las gulas dadas
en este texto.

La dosificacién de los polimorfos que contienen la
composicién o mezclas de la presente invenciédn pueden variar
de acuerdo con una variedad de factores tales como el estado
de enfermedad subyacente, la condicién del individuo, peso,
saxo y edad y el modo de adminlstracidén. Para la
administraciétn oral, las composiciones farmacduticas se
pueden proporcionar en las formas de dosificacidén unitaria
s6lidas, marcadas o no marcadas.

Una composicidén farmacéutica que comprende (1)
clorhidrato de. lercanidipina, donde el clorhidrato de
lercanidipina se selacciona del grupo que consiste de la
forma cristalina, aislada (1) de clorhidrato de
lercanidipina, la forma <cristalina, aislada {II) de
clarhidrato de lercanidipina © combinaciones de las mismas de
la composicién de polimorfos predeterminada: y {2) al menos
un componente seleccionado del grupo que consiste de un
portador 0 diluyente farmacéuticamente aceptable, un
saborizante, edulcorante, conservador, tinte, austancia

aglutinante, agente de suspensidén, agente de dispersién,
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colorante, desintegrante, excipiente, diluyente, lubricante,
plaatificante y aceite comestible. En wuna modalidad
preferida, la composicién farmacéutica o forma de
dosificacion comprende 0.1 a 400 mg de clorhidrato de
lercanidipina. Preferiblemente, la composicién o forma de
dosificacién comprende 1 a 200 mg de clorhidrato de
lercanidipina. Mas preferiblemente, la composicién o forma de
dosificacién comprende 5 a 40 mg de clorhidrato de
lercanidipina.

Las composicién farmacéutica o forma de dosificacién
unitaria se puede administrar en una dosis individual diaria
o la dosis total diaria puede ser administrada en dosis
divididas. AdemAs, la coadministracién o administracién
secuancial de otros agentes activos puede ser deseable. Los
polimorfos y mezclas de los mismos de la invencién se pueden
combinar con cualquiar terapia de farmacos conocida,
preferiblemente para el tratamiento de la hipertensidn. Por
ejemplo, 1la terapia bimodal gue involucra ademids un
diurético, blogueador de receptores P, inhibidor de ACE o
antagonista de receptores de angiotensina II estd contemplada
por la prasente invencidn (véase, por ejemplo, la solicitud
de patente provisional norteamericana No. 60/344,601,
presentada el 23 de octubre de 2001 y la solicitud italiana
No. MI 2001 A 002136 presentada el 16 de octubzre de 2001).

Para la terapia en combinacidén, 1los compuestos

242
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pueden proporcionarse inicialmente como formas de
dosificacién separadas hasta que se logra una combinacién de
dogificacién y un régimen de adninistraciétn éptimos. Por lo
tanto, el pacisnte puede ser titulado a dosificaciones
apropiadas para su condicidén hipertensa particular. Después
de gue se determina la dosificacion apropiada de cada uno de
los compuestos para lograr un descenso de la presion
sanguinea sin efectos secundarios indeseados, el paciente
entonces puede ser cambiado a una forma de dosificacidn
individual que contiene las dosificaciones apropiadas de cada
uno de los agentes activos o puede continuar con una forma de
dosificacidn doble.

' La dosificacién exacta y el régimen de
administracién que utilizan la terapia de combinacidén de la
presente invencidén se seleccionan de acuerdo con una variedad
de factores que incluyen el tipo, especie, edad, peso, 83ex0 y
condicidn médica del paciente; la gravedad y etiologla de la
hipertensién a tratarse; la ruta de adminiatracién: 1la
funcién renal y hepdtica del paciente; la historia del
tratamiento del paclente; y la respuesta del paciente. la
precisién éptima en el logro de concentraciones de los
compuastos dentro del rangoe que producen eficacia ain
toxicidad requiere un régimen basado en la cinética de la
disponibilidad del farmaco para los sitios objetivo. Esto

involucra una consideracién de la adsorcién, distribucién,
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metabolismo, excrecldén de un firmaco y respuesta del paciente
al régimen de dosificacién. Sin embargo, este giro culdadoso
del régimen terapéutico es una rutina en vista de las guias
dadas en este texto.

Una composicién farmacéutica para la administracién
parenteral contiene no menos de 0.1%, preferiblemente de
aproximadamente 0.5% a aproximadamente 30%, en peso de un
polimorfo o mezcla de la presente invencidn, en base al peso
total de 1la composicién farmacéutica. Los polimorfos
aislados, individuales son preferidos para la administracién
parenteral.

Generalmente, las formas de dosificacién
transdéxmicas contienen de aproximadamente 0.01% a
aproximadamente 100% en peso de los agentes activos, en base
al 100% del peso total de la dosificaciédn,

En una modalidad preferida de la presente
invencién, la composicién es administrada diariamente al
paciente. Preferiblemente en la modalidad, la composiciédn
farmacéutica tiene una forma de dosificacién que contiene
de 0.1 a 400 mg de clorhidrato de lexcanidipina. Mas
preferiblemente, ia composicidén o forma de dosificacién
comprende 1 a 200 mg de clorhidrato de lercanidipina. Aan
maAs preferiblemente, la composicion o forma de
dosificacién comprende 5 a 40 mg de clorhidrato de

lercanidipina.
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Los siguientes ejemplos de preparacién de las
formas curdas (A) y (B) y las formas cristallnas (I) y (II)
de clorhidrato de lercanidipina ahora se describen para
propésitos ilustrativos, no limitantes, 3junto con 1los
resultados del andlisis DSC y las pruebas de solubilidad,
estabilidad e higroscopicidad; las pruebas de
biodisponibilidad para las nuevas formas cristalinas también

se describen.

EJEMPLO 1 Preparacién inicial

El cloruro de tionilo (36 g) diluido en acatato de
etilo (25 g) se adiciond lentamente a una solucién del acido
2,6-dimetil-5-metoxicarbonil-4-(3-nitrofenil)-1, 4~
dihidropiridin-3-carboxilico (90 g} en dimetilformamida (115
g) y acetato de etilo (396 g), manteniendo la temperatura
entre -1 y +1°C. Una solucién de 2,N-dimetil-N-(3,3-
difenilpropil)-l-amino-2-propanol (B4 g) en acetatc de etilec
(72 g) se adicioné lentamente a la mezcla obtenida de esta
manera. El conjunto se mantuvo bajo agltacidén a la misma
temperatura durante 3 horas. La mezcla luego se calentd a 20-
25°C y se mantuvo bajo agitacidén durante 12 horas. Luego se
adiciondé agua (340 ml), el total se agité durante 30 minutos
Y, después del asentamiento, e desechd la fase acuosa. La

fase orgdnica se lavé nuevamente con agua (340 ml).
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EJEMPIO 2 Forma Cruda (A) de clorhidrato de lercanidipina

La fase organica obtenida en el ejemplo 1 luego se
sujetd a la destilacién azeotrdpica bajo vacio a
aproximadamente 250 mmHg, sin Superar una temperatura de
60°C. Después de la remocién de aproximadamente 50 ml de
agua, la solucién se concentré a aproximadamente 1/3 del
volumen inicial en las mismas condiciones de temperatura y
presién y luego se llevd a su volumen inicial con acetato de
etilo nuevo hasta que el valor K.F. (valor Karl Fisher) fue
de aproximadamente 0.10-0.15%. La suspensién final se enfriod
a 0-5°C. El so6lido se flltr6, se suspendid en acetato de
etilo (350 g) y se agité a 60-65°C durante 1 hora. En
conjunto se enfrié a 5-10°C y luego se filtréd. El sodlido se
secd en un horno a 70°C. Se obtuvieron 133 g de la forma
cruda, anhidra () de clorhidrato de lercanidipina

{rendimiento del 75%), pico de DSC 150-152°C.

EJEMPLO 3 Forma Cruda (B) de clorhidrato de lezuanidipina

La fase orgénica obtenida al final del ejemplo 1 se
calentd bajo refluvjo (70-75°C) y el agua contenida en la
solucién ase removidé con un aparato Dean 9tark (Spaziani
Rolando, Nettuno, Roma, Italia) hasta que se obtuvo un valor
K.F. de aproximadamente 2%. El conjunto entonces se destilsé a
presién atmosférica para alcanzar )/, del volumen inicial. La

solucién se llevd a su volumen inicial al adicionar acetato
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de etilo nuevo. El valor K.F. al final de esta operaciéon fue
0.9-1.1%. La solucién final se enfrié a 0-5°C. Se precipitd
lentamente un sélido, el cual se filtrd. El sdlido obtenido
de esta manera se suspendié en acetato de etilo (350 g) y se
agité a 60-65°C durante 1 hora. El conjunto se enfrié a 5-
10°C, luego se filtré y secd en un horno a 70°C, para obtener
de esta manera 133 g de la forma cruda (B) de clorhidrato de

lercanidipina, pico de DSC 131-135°C, rendimiento del 75\.

EJEMFLO 3A Forma Cruda (B) da clorhidrato de lexzcanidipina

La fase orgénica obtenida al final del ejemplo 1 se
calentd bajo reflujo (70-75°C) y el agua contenida en la
solucién se removid con un aparato Dean Stark hasta que se
obtuvo un valor K.F. de aproximadamente 2%. E1 conjunto
entonces se destild a presidn atmosférica para alcanzar Y/
del volumen inicial. La solucién se llevdé a su volumen
inicial al adicionar acetato de etilo nuevo. El valor K.F. al
final de esta operacidn fue 0.9-1.1%. La solucién final se
enfrié a 20°C, se sembrd con 0.1% de la forma cruda (B) de
clorhidrato de lercanidipina y se enfridé a 0-5°C. Un sdlido
se precipité lentamente y luego se filtré. El sédlido obtenldo
de esta manera se suspendid¢ en acetato de etilo (350 g) y se
agité a 60-65°C durante 1 hora. El conjunto se enfrid a 5-
10°C, luego se filtrdé y secd en un horno a 70°C durante 24

horas, para obtener de esta manera 133 g de la forma cruda
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(B) de clorhidrato de lercanidipina, pico de DSC 131-135°C,

rendimiento del 75%.

EJEMPIO 4 Preparacién de la forma oriatalina (X) de
alozhidrato de lercanidipina

En experimentos representativos separados, se
cargaron 100 g de la forma cruda (A), (B) o (C) de clorhidrato
de larcanidipina en un reactor sequido por 400 ml de 2-
propanocl. La mezcla se calentd bajo reflujo fuerte y bajo
agitacién, para obtener de esta manera una disolucién casi
completa de la sustancia cruda. La mezcla luego se filtr6é en
caliente para eliminar una ligera opalescencia y la solucién
clara mantenida bajo agitacién se enfrié a 40°C. La temperatura
luego se establecid & 35°C. El conjunto se mantuvo durante 24
horas bajo agitacién a 35°C, luego la temperatura se establecid
a 30°C y la agitacién coatinud a esa temperatura durante otras
24 horas. El sélido se filtrd a 30°C y se lavd con 50 ml de 2-
propancl, luego se secé en un horno a 70°C bajo vacio durante
24 horas. El peso del producto seco en cada caso fue 90 g (HCl
de lercanidipina (I})) (pureza de]l. producte en la forma (I)

mediante la CLAR >99.5%).

EJEMPIO 4A Preparacién de la forma cristalina (I) de
alorhidrato de lercanidipina

En experimentos representativos separados, se
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cargaron 100 g de la forma cruda (A), (B) o (C) de
clorhidrato de lercanidipina en un reactor, sequido por 400
ml de 2-propanol. La mezcla se cilentd bajo reflujo fuerte y
bajo agitacion, para obtener de esta manera una disolucioén
casi completa de la sustancia cruda. La mezcla se filtrd en
caliente para eliminar una ligera opalescencia y la solucién
clara mantenida bajo agitacidén se enfrié lentamente a 40°C.
Luago, la precipitacién fue provocada con 100 mg de la forma
(I) de clorhidrato de lercanidipina y temperatura se
astablecid a 35°C, mantenlendo la mezcla bajo agitacién. El
conjunto se mantuvo durante 24 horas bajo agitacién a 35°C,
luego la temperatura se establecidé a 30°C, manteniendo bajo
aginaéién 2 esa temperatura durante otras 24 horas. El sélido
se filtré a 30°C y se lavd con 50 ml de 2-propanol, luego se
secé en un horno a 70°C bajo vacio durante 24 horas. E1 peso
del producto seco (HCl de lercanidipina (I)) fue 90 g (pureza

del producto en la forma (I) mediante la CLAR >99.5%).

EJBMPLO 5 Preparaciém de la forma oristalina (I) de
clozhidrato de learcanidipina

En preparaciones independientes, se cargaron 25 kg
de la forma cruda (A) o (B) de clorhidrato de lercanidipina y
luego 100 mL de etanol al 95% y se llevaron al reflujo fuerte
bajo agitacién. La solucién se enfrié bajo agitacién a 20°C y

luego se sembrd con la forma cristalina (I). El1 conjunto
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luego se enfrié a wuna temparatura entre 10 y 15°C,
manteniendo la mezela de rxeaccién bajo agitacién durxante 4
dias. El sélido obtenido de esta manera se filtrxd y se lavd
con etanol al 95%, el producto precipitado se filtrd y secd
en un horno bajo vacio a 70°C durante 24 horas. Se obtuviezon
20.2 kg del producto, correspondiente a un rendimiento del
81%; pureza en la forma (I) mediante la CLAR >99.5%. Los
resultados comparables se obtlenen con la forma (C) como

material de inicie.

EJEMPILO & Preparaciém de la foxma oristalina (II) de
clorhidrato da lexcanidipina

Se cargaron en un reactor 100 g de la forma cruda
{(C} de clorhidrato de lercanidipina y luego 200 ml de
acetonitrilo. La mezcla se calentdé bajo fuerte reflujo y bajo
agitacién, para obtener de esta manera un3a disolucidn
completa. La mezcla se llevd a 20-30°C bajo agitacién ligera
Y 8e mantuvo a esa temperatura durante 24 horas. El producteo
precipitado se filtré y secé an un horno a 70°C durante 24
horas. Se cbtuviaeron 95 g del producto seco, c¢orregpondiaente
a un rendimiento del 95%; pureza mediante la CLAR >99.5% en
la forma (II) de clorhidrato de lercanldipina. Los resultados
comparables se obtienen cuando la forma (R) o (B) de
cloxhidrato de lercanlidipina se utiliza como material de

inicio.

23
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BIJEMPLO 7 Preparacién de 1la forma oristalinma (II) de
clozhidrato de lsroanidipinas

En experimentos representativos separados, se
éargaron en un reactor 100 g de la forma cruda (A), {B) o (C)
de clorhidrato de lercanidipina en 200 ml de etanocl al 95\,
la mezcla obtenida de esta manera se calentd bajo agitacién y
bajo reflujo fuerte y luego se enfrid a 25°C, siempre bajo
agitacién, lLa solucitén se mantuvo a esa temperatura durante
24 horas bajo agitacién. El producto precipitade obtenido de
esta manera entonces se filtrd y secd en un horno a 70°C
durante 24 horas. Se obtuvieron 950 g de la forma (II), pureza

mediante la CLAR >99.5%)}.

EJEMPIO 7 Pxepszracién da la forma cristalina (II) de
clorhidrato de lercanidipina

25 g de l3 sustancia cruda de HCl1 de lercanidipina
o la forma (C) se disolvieron a 60°C en 100 ml de una mezcla
de etancl-H;0 (8:2). El conjunto se filtré por medio de la
gravedad para eliminar la posible porcién insoluble y se
diluyé con 100 ml de H;0. La solucién obtenida de esta manera
se agitdé a 25°C como tal, o se adiciond con 0.1 g de la forma
(1II) de clorhidrato de lercanidipina o se sonicé durante 6
sagundos 20 kHz y 100 vatios, siempre a 25°C. Cualquiera que
sea la selecclén, después de 48 horas bajo agitaciédn, el

producto precipitado formado de esta manera se colectd y sacd

23]
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en un horno a 70°C durante 24 horas, para obtener un
rendimiento de 80-85% de la forma (II). Los resultados
comparables se obtienen utilizando las formas crudas (A) o
(B) o la forma cristalina (I) de clorhidrato de lercanidipina
como material de inicio.

Como una alternativa, la solucién clara inicial se
diluye con 100 ml de etanol y se siambra con la forma (II) de
clorhidrato de lercanidipina (0.1 g}. Daapués de 4% horas con
agitacién a 25°C, se obtiene un rendimiento del B80% con
respecto a la forma estequiométrica {(II) de clorhidrato de

lercanidipina.

EJEMPLO 8 Prxepaxacién de la forma cristalins (II) de
clorhidzato de lexcanidipina ea matanol acuoso

En los ejemplos lndependientes, representativos, se
disolvieron 40 g de la forma cruda (C) o la forma cristalina
(1) de eclorhidrato de lercanidipina en 100 ml de metanol a
30°C. El conjunto se filtré por medio de la gravedad para
eliminar la posible porcién insoluble y se adicionaron 25 ml
de agua. La solucién obtenida de esta manera se agitdé a 25°C
como tal, o se mezcld con 0.1 g de la forma (II) de
clorhidrato de lercanidipina, o se sonicé durante 6 segundos
a 20 kHz y 100 vatios, siempre a 25°C. Cualquiera que sea la
seleccion, después de 48 horas bajo agitacién, el producto

precipitado formado de esta manera se colectd y secd, con

2352
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rendimientos de 80-85% con respacto 3 la forma
estequiométrica (II) de clorhidrato de lercanidipina. Los
resultados comparables se obtienen utilizando la foxma cruda

(R) o (B).

EJEMPLO 9 Preparacién de la forma oristaling (II) de
clorhidrato de lercanidipina en l-pzopancl acueso

€60 g de la forma cruda {C) de HCl de
lercanidipina se disolvieron a 60°C en 100 ml de 1-
propanol-Hz;O (8:2). Después de la filtracién por medio de
la gravedad de la posible porcién insoluble, la solucién se
enfri6é en 2 horas a 25°C y se agité durante 120 horas a esa
temperatura, con o sin sonicacién durante 6 segundos a 20
kHz y 100 vatios. El producto precipitado formado de esta
manera se colectd, para obtener un rendimiento del 90% con
raspecto a la forma estequiométrica (II1) de clorhidrata de
lercanidipina después de un paso de secado. Los resultados
comparables se obtienen utilizando las formas crudas {(A) o
(B) o la forma cristalina (I) de clorhidrato de

lexcanidipina como material de inicio.

EJEMFLO 10 Preparacién ds la forma oxistalina (IXI) de
oclorhidrato de lercanidipina en 2~pxopancl acuoso
30 g de la forma cruda (C) de clorhidrato de

lercanidipina se disolvieron a 60°C en 100 ml de 2-

253
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propanol-H;O0 (8:2). Después de la filtracién por medio de
la gravedad de la posible porcidon insoluble, la solucién
se enfrid en dos horas a 25°C y se agitd durante 72 horas
a esa temperatura, con o 8in sonicacién durante 6 segundoa
a 20 kHz y 100 Vatios. El producto preclpitado formado de
esta manera Se colectd, para obtenar un rendimiento del
85% c¢con respecto & la forma estequiométrica (II) de
clorhidrato de lercanidipina después de un paso de secado.
El mismo resultade se obtiens mediante la agitacién
durante 168 horas & 10°C. Los resultados comparables se
obtienen utilizando las formas crudas (A) o (B) o la forma
cristalina (I) de <clorhidrato de lercanidipina como

material de inicio.

EJEMPLO 11 Pxeparacién de la forma oristalina (II) de
clorhidrato de lercanidipina en ¥-metilpirrolidona acuosa

Una suspensién de 50 g de la forma cruda (C) de
clorhidrato de lercanidipina en 30 ml de N-
metilpirrolidona/agua ({(1:1) se agité a 20-25°C durante 12
dias. El sélido formado de esta manera se colectd mediante la
filtracion y secd, para producir 40 g de la forma (II) de
clorhidrato de lercanidipina. Los resultados comparables se
obtienen utilizando las formas crudas (A) o (B) o la forma

eristalina (I) de élorhidrato de lercanidipina, como material

de inicio.

23
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EJEMPLO 12 Anidlisis DSC de las formas eristalinas (I) y (II)
de clozhidrato de lercanidipina

El andlisis DSC mide los cambios que ocurren en
una muestra dada con el calentamiento, en donde 1loa
cambios identifican las fases de transicién. Las
variaciones en la entalpia que toman lugar en una fase de
transicidn se calculan en base al drea bajo la curva. Las
fases de transicién mis comunes son la fusién y 1la
sublimacién. La temperatura a la cual inicia la
transicién, comienzo T, se proporciona por el punto en el
cual Jla curva inicia a desviarse de la linea de base
(punto de flexidn}.

DSC de la forma (I): 3.8 mg de la forma (I} se
colocaron en una cacerola de oro del aparato Perkin Elmer
DSC7. La velocidad de calentamiento durante la prueba fue
10°C/minuto.

DSC de la forma (II): 4.6 mg de la forma (II) se
colocaron en una cacercla de oro del aparato Perkin Elmer
DSC7. La velocidad de calentamiento durante la prueba fue
10°C/minuto.

Los datos se mueatran en las figuras 1 y 2 y los
puntos caracteristicos de las figuras son resumidos

brevemente en la siguiente tabla 1.
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Tabla 1.
Compuesto T de fusién (T pico) [°C] |T de iniclo ["C]
Forma (I) 198.7 179.8
Forma (II) 2059.3 169.0

Inmediatamente después de la fusidén de la forma (I)
o {(11), se puede observar un evento exotérmico debido a la

descomposicién de salas.

EJEMPLO 13 Termogravimetria

Un analisis gravimétrico asociado con un analisis
IR se llevd & cabo en ambas formas cristalinas (I} y (II), y
también sobre la forma <cruda (A) de clorhidrato de
lercanidipina y sobre la forma cruda {B) de clorhidrato de
lexrcanidipina, utilizando un aparato Netsch
Thermomicrobalance 209 en combinacién con un espectrémetro
FTIR Bruker Vector 22.

Las pruebas se llevaron a cabo de acuerdo con las
siguientes condiciones de trabajo: se calentaron 2-5 mg de la
muestra en un crisol de acero en una atmésfera de nitrégeno,
con una velocidad de calentamiento de 10°C/minuto. Los
resultados obtenidos con las formas cristalinas (I) y (II) se
muestran en la figura 3, a partir de los cuales se puede

concluir que en ambas formas cristalinas no se pudo observar
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pérdida de peso hasta su punto de fusion (es decir, hasta
aproximadamente 190-200°C).

Durante la degradacidn, la cual toma lugar como Se
indica anteriormente después de la fusién, se puede observar
una pérdida de CO;.

Los resultados obtenidos con la forma cruda (A) de
clorhidrato de lercanidipina se muestran en la figura 19,
donde se puede observar una pérdida de peso de 3.4% en el
rango de temperatura de 25-1%3°C. E1l compueato voldtil ha
Sido ldentificado por su espectro IR correspondiente y es
acetato de etilo. Durante la degradacién (T >170°C) se pudo
observar una pequefia cantidad de acetato de etilo en su fase
gasaosa.

Los resultados obtenidos con la forma cruda (B) de
clorhidrato de lercanidipina se muestran en la figura 20,
donde se puede observar una pérdida de peso de 0.5% en el
rango de temperatura de 25-153°C. El compuesto voléatil
identificado con su espectro IR correspondiente es acetato de
etilo (0.4%) y agua (0.1%). Durante ls degradacién (T >170°C)
se puede observar una pequafa cantldad de acetato de etilo en

su fase gaseosa.

EJEMPLO 14 Higroscopioidad de las formas cristalinas (¥) y
(XI)

La higrogcopicidad de ambas formas cristalinas (])

A3y
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y (II) se midié con andlisis DVS por madio de un analizador
de absorcién de agua (SURFACE MEASUREMENT SYSTEM, Marion,
Buckinghamshire, UK) de acuerdo con las sigulentes
condiciones de trabajo:

10-15 mg de la forma (I) y (I1) respectivamente se
colocaron en un soporte para muestras de cuarzo, colocado a
su vez sobrxe una microbalanza, y la muestra se sometid a
ciclos de humedad entre 0 y 95%, iniciando de 50% de humadad
relativa (25°C, humedad relativa (HR): 50-95-0-95-0-50% a
HR/h:5%).

Los resultados de las pruebas se muestran en los

diagramas de las figuras 13 y 14,

l14-1 Resultados obtenidos con la forma cristalina (I)

La exposiciétn de la forma (I} a la humedad en el
analizador DVS da por resultado un cambio de masas de +0.15%
3 95% de HR y de =-0.3% a 0% de HR, casi 8in histéresis
durante el Incremento y pérdida de masa. Estas ligeras
variaciones son probablemente debido a una absorcién

reversible de agua por la superficie.

14-2 Resultados obtenidos con la forma cristalina (II)
La exposicion de la forma (II) a la humedad en DVS
causa una variacién de masas insignificante (<0.05%) en el

rango de HR total sometido a prueba.
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EJEMPLO 15 Bolubilidad da las Formas cristalinas (I) y (II)

15.1 Solubilidad en agua y en etanol a temperatura ambiente

La solubilidad a 23°C de ambas formas cristalinas
() y (II) ae evalud por medio de la aspectroscopia con luz
UV visible en agua bidestilada (al valor de pH alcanzado
esponténeamente por el siatema) y en etanol puro. La
absorbencia molar ha sido determinads previamente en
acetonitrilo. La misma absorbencia molar se considerdé para la
determinacion en agua y etancl. La solubilidad en agua
depende ciertamente del pH. E)l sdlido residual obtenido por
la filtracidn de la suspensidn se analizé inmediatamente con
la espectroscopia Raman. Los resultados se muestran en laa

siguientea tablas 2 y 3.

TABLA 2. Solubilidad en agua (aproximadamente 40 mg/ml como

condicién iniclal).

259

Material de Tiempo [min) Solubilidad [mg/ml] [Macexrial
inicie residual
Forma (I) 5/25/45/990 0.4/0.5/70.5/0.5 Forma (I)
Forma {II) 5/25/45/990 0.2/0.2/0.3/70.3 Forma (II)
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Solubilidad en etanol

60

(100 mg/ml como condicién

Material de Tiempo [min] Solubilidad [mg/ml} {Material
inicio reaiduai
Forma (I) 15/45/120 28/27/727 Forma (I)
Forma (Il) 15/45/120 11/12/12 Forma (IX)

La forma (II) es menos soluble que la forma (I) en

ambos solventes.

15.2 Solubilidad en mezclas de agua-etanol a 25°C y a 40°C,
con concentraciones crecientes de agua

Las figuras 4 y 5 muestran la solubilidad en agua-
etanol a 25°C y a 40°C de la forma (I) y de la forma (II). La
solubilidad maxima se alcanza para ambas formas, a ambas
temperaturas, cuando la concentracién de agua es de 20%.
También en este caso, la solubilidad de la forma cristalina

(I) es mayor que aquella de la forma cristalina (II).

EJEMPLO 16 Estudios de S0 )C de la fase sélida

Los espectros de 1a fase sdlida de RMN !¢ de aita
resolucion se llevaron &8 cabo con el instrumento ASX300
Bruker equipado con un Accesorio de rotor de 7 mm, utilizando

varias técnicas combinadas:

6166582 TiS: U
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Giro en é&ngulo migico (MAS, por sus siglas en

inglés). Aproximadamente 300 mg de la muestra se colocaron en
el rotor que giraba a 4.3 kHz a.rededor de un eje orientado
en el Anqulo midgico (54°70’) al campc magnético para superar
el ampliamlento dipolar causado por 1la Anisotropla de
Desplazamiento Quimico (CSA, por sus siglas en inglés). Los
experimentos se condujeron a temperatura ambiente.

Acopiamiento Dipolar. Puesto que mucho del
ampliamiente de las lineas en los espectros ') de los
sélidos orgaAnicos es debido al acoplamiento a los protones,
se removidé por el desacoplamiento heteronuclear (el nivel de
potencia de desacoplamiento fue casi un 1 Kilovatio}.

Polarizacién Cruzada (CP, por sus siglas en
inglés). La polarlzacion cruzada permitié la magnetizacién de
carbono a partir de la magnetizacién de protones mis grandes
por medio del acoplamiento dipolar para incrementar la
intensidad de sefiales,.

Supresidén Total de Bandas Laterales (TOSS, por sus
siglas en inglés). La TOSS se realizd utilizando ecos del

espin sincronizados con la rotacidén de la muestra para causar
la alteracidén de fases de las bandas laterales gilratorias,
dando por resultado la cancelacidn cuando los espectros
sucesivos se adicionaron conjuntamente.

Las formas «cristalinas (I) y (II) muestran

diferentes espectros de RMN !3¢ en la fase solida. Las

268)
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seflales (desplazamiento quimico) y la atribucién de los
dtomos de carbono correspondieantes (numerados en la formula
del clorhidrato de lercanidipina mostrada a continuacién) son
reprasentadas an las siguientes tablas q y S5,

ragpectivamente.

Tabla 4. Forma cristalina (I) de clorhidrato de lercanidipina

262

Desplazamiento quimico {,ppm)lntribuciOn de Atomos de carbono
168.7; 167.7 9; 11 0o 11; 9
150.1 a 120.4 2; 6y 20 a 37
104.3:.100.9 3; 505: 3
79.7 12
63.0; 60.1 (débil) 15; 17 o0 177 15
48.6 10
47.7 16
45.4 19
41.1 4
31.6 18
6I66SE2 TIS: Y JPSERESS UDEAN ZAMDAOHIHN: 30 2p:ST pele-c0-add
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27.7; 26.4 13; 14 o 14; 13
19.6; 18.0 7; 8uB: 7
Tabla 3. Forma cristalina (II) de  <clorhidrato
lercanidipina
Desplazamiento quimico (,ppm} |[Atribucién de itomos de carbono
168.1; 166.6 9; 11 o 11; 9
151.9 a 121.9 2; 6 y de 20 a 37
104.0; 102.8 3; 505; 3
79.0 12
66.0; 58.0 (débil) 15; 17 o 17:; 15
49.7 10
48.8 16
44.3 19
40.5 4
29.8 18
27.6; 23.5 13; 14 o 14; 13
19.6; 18.3 7: B uB; 7

RBJEMPLO 17 Estudioa IR

Los espectroa infrarrojos

(IR)

se registraron en

polvo de KBr mediante la Técnica de Reflectancia Difusa

utilizando un instrumento Spectrum-one de Perkin Elmer. Lo3

espectros IR, cuyas

6766582 TiG: U
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correspondientes se muestran en las siguientes tablas 6 y 7,

son claramente diferentes para las nuevas formas (I} y (II).

Tabla 6. Eapactro IR en polvo de KBr de la forma (I) de

clorhidrato de lercanidipina

Longitud de onda tem™) Atribucién

3186 Alaxgamiento de NH

3100-2800 Alargamiento de alquilo y
fenilo

2565 Alargamiento de N*H

1673 Alargamiento de C=0

1525; 1348 Alargamiento asimétrico y

simétrico del grupo NO;

1405: 1366 Plegamiento de los grxupos

metilo geminales

785-685 Plegamiento fuera de plano de

los hidrégenos adyacentes 5 y

3 en anillos arométicos

Tabla 7. Espectro IR en polvo de KBr de 13 forma (II) de

clorhidrato de lercanidipina

Longitud de onda (cm™) Atribucién

3183 Alargamiento de NM
3100~-2800 Alargamiento de alquilo y
6166SB2 TiS: Y JBSHOESS U9IN Z309'AHIHN: 30 2b:ST pala-20-a34d
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fenilo
2684 Alargamiento de N'H
1705; 1675 Alargamlento de C=0
1526:; 1350 Alargamiento asimétrico y

simétrico del grupo NO;

1402; 1380 Plegamiento de los grupos

metilo geminales

800-680 Plegamiento fuera de plano de

los hidrégenos adyacentes 5 y

3 en anillos aromAticos

EJEMPLO 18: Espectros Raman

Un espectrofotémetro RFS100 de Bruker FT-Raman se
utilizé bajo las siguientes condiclones tipicas:
aproximadamente 100 mg de muestra (sin ningin tratamiento
previo), 64 exploraciones a una resolucién de 2 cm’},
potencia del rayo laser 100 mi, detector Ge.

Las siguientes tablas 8 y 9 npuestran los picos mas
significantes de los espaectros Raman de la forma (I) y la

forma (II), respectivamente.

Tabla 8, Espectzro Raman de la forma cristalina (I)

285

Nimero de ondas (cm™} Intensidad pico*
3054 M
304Q M
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2981

2941

1675

1646

1583

1489

Zz |2 jxX | |2 |=

1349

<

1236

1005

821

174

98

w IR (X | X

13

Vs

*M= moderado:

S= fuerte, Vs

= muy fuerte

Tabla 9. Espectro Raman de la forma cristalina (II)

Nimero de onda {cm™})

Intensidad pico*

3074

3064

3055

3048

3030

2973

6766582 TIS! U
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2%40 M
1675 5
1647 5
1630 M
1584 M
1489 N
1351 Vs
1005 M
995 M
103 Vs
85 S

*M= moderado; S= fuerte, Vs = muy fuerte

EJEMPIO 19 Biodispounibilidad de las formas cristalinas (I) y
(11)
Ejemplo 19a-Pexxo

Un estudio se llevé a caho en seis perros Beagle
para evaluar la bilodisponibilidad de las formas cristalinas
(1) y {1I).

Los productos, en forma micronizada, se
administraron por via oral mediante capsulas de gelatina dura
rellenadas con el agente activo, forma (I) y (II), a una
dogificacion de 3 mg/kg, adminiastradas una vez en la mafiana
del dia del experimento.

Las muestras sanguineas se tomaron en tiempos dados

267
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-y las concentraciones en el plasma de lercanidipina se
determinaron con un método analitico, estereoselectivo CLAR-
EM/EM, de acuerdo con las siguientea condiciones de trabajo:

La lercanidipina se extrajo del plasma del perro
por medio una extraccién de liquido-liquido con una meizcla de
n-hexano y éter etilico. El residuo seco de la fase orgdnica
se tomd con una mezcla de metanol y agua y se llevd a3 cabo
una separacién cromatografica de fase liquida (LC, por aus
siglas en inglés): los dos enantidmeros de lercanidipina se
separaron en una columna CHIROBIOTIC V (Vancomycin) (tamafio
de particula 5 m, tamafio de columna 150 x 4.6 mm (ASTEX, NJ,
EUA)) y se detectaron con un espectrémetro de masas (EM/EM)
al utilizar una técnica de electropulverizacién.

El método analitico se validd en un rango de
concentracién entre 0.1 y 20 ng/ml de plasma para ambos
enantiémeros. El método ha mostrado que es especifico con una
precisién de 15%. Las concentraciones promedioc de
lercanidipina en las tablas representan lz suma de ambos
enantibmeros.

Los perfiles que se refieren a las concentraciones
promedio de lercanidipina para ambas formas se muastran en la
figura 10. Las siguientes tablas 10 y 1l muestran los valores
individuales que se refieren AUC, Tmax, Cmax y a las

concentraciones en el plasma.

26

6166582 TLG: U LOCHBAZS  USAN Z3WP4AHIHN: 30 8 ST besl-20-834



10

15

25

2 'd

2£9

69

TABLA 10. Valoras promedio {(n=5) de AUCp.t; Caaxs Tumx de la
forma cristalina (I} y la forma cristalina (II) de
clorhidrato de lercanidipina (S+R), en perros, después de la

administracion oral en una dosificacién de 3 mg/kg.

Foxma (I)

Pardmetro [Perro 1 {Pero2* |Perrod |Permo 4 |Pero 5 |Pamo6 | Promadio 8D
AUCa, 1541 { 26383 | 27544 | 4857 | 7030 | 28.72 anrs 10.12
ng/h/mi

T (N) 200 4.00 6.00 3.00 .00 .00 4.00 187
Conas 829 12887 | 11.82 2117 | 2258 17.63 17.80 a9
(ng/mil)

Forma (II)

Paramatro [Pero1 |Perro 2" [Pemod |Perrod4 |Perm5 |Permo 8 | Promedo SD

AUCy. 54.59 1877 7582 17382 | 142.04 81.91 104.58 4399
ng/h/mi
Tonan (1Y) 3.00 1.50 1.50 4,00 2.00 6.00 3.00 1.61

Cran 1846 | 8219 | 1978 | 6264 | 5538 | 10.66 30.17 | 1727
{ng/mi)

* no incluido en el calculo del valor promedio

Tabla 1l1. Concentracién promedico en el plasma de la forma
cristalina (I) y la forma cristalina (I1) de elorhidzato de

lercanidipina (S+R), en perros, después de la administracién

61E6SE2 TLS: U JECHEASC U93AN Z309'4A40HIHN: 30 BbIST Lege-29-add
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oral en una dosificacién de 3 mg/kg.

Foxrma (I)
Tiempo (h) |Perro1 |Perro 2° |Parro 3 |Porro4 |Pero5 |Pemo 8@ | Promedio | 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 0.28 0.00 0.00 0.00 0.00 0.12 o
1.5 183 1.08 032 0.00 133 0.00 0.70 on
2 8.20 .04 0.04 0.35 17.11 028 . 539 6.34
3 4.44 %) 0.92 2117 22.58 120 11.208 11.11
4 181 12887 942 | 1107 | 189 6.26 890 5.66
6 0.80 | 2065 | 1162 263 0.73 | 17.83 6.50 8.50
Forma (II)
Tiempo (h) |Pema 1 |Pemo 2" |Permo3 |Permod4 |Perrof |Pemo8 | Promedia| 8D
¢ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08 0.00 287 8.00 0.00 0.00 0.00 1.40 281
1 0.00 52.13 1661 5.50 32 0.00 5.08 am
15 0.23 5219 10.78 3543 260 348 18.22 14,08
2 7.63 3845 17.81 38.10 5520 10.19 25.52 180.23
3 18.48 17.43 1580 12030 | 4057 14.10 2348 12.66
4 14.63 6.17 14.10 52.04 23.66 13.24 23.60 16.268
6 8.05 4.50 362 | 1748 676 | 1838 10.63 .82

* no incluido en el cdlculo del valor promedio

6166582 Tis: U
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La formulacién que contiene la forma (IX) ea més
biodisponible que aquaella que contiene la forma cristalina
(I) en 5 animales de 6.

Para simplificar la comparacion, el perro 2 se
excluyé de la evaluacién, puesto que después de la
administracién de la forma (I) el perro 2 mostré una AUC en
el plasma de 264 ng/h/ml contra un valor promedio de 38 % 19
(SD) de loas otros 5 perros. Por otra parte, su AUC después de
la administraciéon de la forma (I) fue similar a aquella de
los otros animales, el valor es 120 contra 105 £ 44 ng/h/ml.

La biodisponibilidad del clorhidrato de
lercanidipina (forma (II)), expresada como un incramento en
la AUC de lercanidipina (R+S) obtenida después de 1la
administracién de la forma (II), es aproximadamente 3 veces
miés alta que aguella obtenida con la forma (I). El perfil
promedio de las concentracionas en el plasma para ambas
formas cristalinas se muestra en la figura 10.

El anélisis de estos resultados muestra que la
cantidad de lercanidipina (S+R) adsorbida después de 1la
administracién de la forma crisctalina (II) es 3 veces méAs
alta que de la forms (I), mientras que la veloclidad de
abscoreidn expresada como T.,,, permanece pricticamente sin
camblos.

Las concentraciones en el plasma 6 horas después de

la administracion (dltimo momento de la toma de muestras) son

2F
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similares, las concentraciones son 8.5 £ 6.5 ng/ml después de
la administraciéon de la forma (I) y de 10.9 * 6.8 ng/ml

después de la administracién de la forma (II).

EJEMPLO 185b-Bombre

Un estudio se llevé a cabo en 16 voluntarios
saludables para valorar la biodisponibilidad relativa de la
forma (I) y la forma (II) de clorhidrato de lercanidipina. La
forma (I) fue representada por una tableta de Zanedip"
correspondiente a 10 mg de clorhidrato de lercanidipina
{Referencia-R). La forma (II) fue administrada en la forma de
una tableta de 10 mg preparada exactamante de la misma manera
y con la misma composicién de Zanedip® 10 mg, iniciando a
partir de la forma (1XI) micronizada que tiene el mismo tamafio
de particula de 1la forma I (Prueba-T)- Las muestras
sanguineas se tomaron en 15 puntos desde el momento 0 a 24 h
después de la dosificacidon y las concentraciones en el plasma
de lercanidipina se determinaron con un métode analitico,
esterecoselectivo CLAR-EM/EM. Los parametros farmacocinéticos

obtenidos se proporcionan en la siguiente tabla:

Promedio minimo- | Promedio minimo- | Estimado de [90% de C.L
cuadritico, geam. { cuadritico, geom. | Puntos (T/R)
de ia forma () de ia forma {H)

AUG,, (ng.vml) [8.82 10.38 117 0.93-1.48

6766582 T.S: o 42SBBAZS U9IN ZI0D'A4HIHN: 30 Bb:ST pee2-29-834
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Cous (np/mel) 318 i 1.01 0.73-142
o () 1.50° 2.50* 0.75~ 0.00-1.25
Can/AUC 0.388" 0.329" 0.85 069-102

* diferencia modis

* promedio minimo-cusdnético

Los resultados obtenidos indican que la forma (II)
de clorhidrato de lercanidipina no fue bioequivalente a la
forma I, porque se obtianen niveles mis altos en el plasma de
la forma (II), vya que la forma I de clorhidrato de
lercanidipina tiene un ta;, gue es més corto que aguel de la
forma (II), lo que sugiere su uso en formulaclones de

liberacidén ilnmediata.

EJEMPLO 20 Estudios de difraccién de xayos X

El difractometro PW 1710 de Philips y X pert PW
3040 de Philips (radiacién Ko del Cobre) se utilizé bajo la=
siguientes condiciones tlpicas: aproximadamente 5~70 mg de la
muestra (8in ningin tratamiento previo) con la aplicacién de
una ligera presién para obtener una superficie plana.
Atmbsfera de aire ambiente. 26 gradual de 0.02°, paso-1 de 2
segundos, 20 de 2-50.
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Los espectros obtenidos se proporcionan en Jlas
figuras 11 y 12 y los picos promedio correspondientes se
describen en las tablas 12 y 13. Los datos son claramente

diferentes para las muevas formas aisladas (I} y (II).

Tabla 12. Espectro XRD de la forma (I) de clorhidrato de

lercanidipina

D(4) Intensidad Relativa (I/Io) |Angulo 28
16.1 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

Tabla 13. Espectro XRD de la forma (II) de clorhidrato de

lercanidipina

D(A) Intensidad Relativa (I/Io) |Angulo 20
9.3 35 9.5

6.0 45 14.7

5.49 65 16.1

4.65 52 19.1

4.27 14 20.8

6166582 TiS: Y B9H802C  U93AN ZAO440HMIHN: 30 6k ST bEAT-20-E34
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3.8l 41 23.4
3.7 100 23.6
3.58 44 24.8
3.54 29 25.2

EJEMPLO 21 Deteminaciém dal punto ds fusién de varias
sexclas de laz formas criatalinas (I) y (II) de cloxbidrato
de lexcanidipina

Los puntos de fusién de las composiclones que
consisten de las ralaciones conocidas de las formas
cristalinas (I) y (II) de clorhidrato de lercanidipina se
determinaron manualmente. Las condiciones consistieron del
uso de un punto de referencia de 177°C y la introduccidn del
tubo capilar en el instrumento (Aparato de Punto de Fusién
modelo 535, Buchli Labortechnik AG, Flawil, Suiza) a
aproximadamente 5°C abajo del punto de fusién. Los resultados

ge muestran en la tabla 14.

Tabla 14. Puntos de fusién de las composiciones que consisten
de relaciones conocidas de las formas cristalinas (I) y (I1I)
de clorhidrato de lercanidipina. Las muestras en la serie A y
la serje B se calentaron a un gradiente de 1°C/minuto y

0.5°C/minuto, respectivamente. Los rasultados se presentan en

.cl

23S
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Forma Relscion de |s forme cristaina {{):forma cristaiine (H)
Musytira Pura{l) da clorhiirate de larcanidipine

Pura (i)
2:1 73 11 37 1

Sene A 1688 188.0 1083 100.0 192.2 1842 194.3

Sere 8 185.8- 184.4- 184.5- 188.7- 188.3- 188.7- 190.6-

1888 186.1 187.0 7.4 180.4 180.5 102.6

La patente norteamericana No. 5,767,136 describe
e) clorhidrato de lercanidipina cristalino que tiene un
punto de fusi6én de 186-1880°C. La tabla 14 muestra que
este punto dg fusién es exhibido por las mezclas de 1la
forma (I) y la forma (II) en las cuales la relacién de la
forma (I):forma (II) varia entre 9:1 a 3:7. Bianchi y
colaboradorea, {(Drugs of the Future, 1987, 12:1113-1115)
reportan un punto de fusién de 186-18B°C (ain DSC) para
un producto de lercanidipina que ellos caracterizan como
“cristales”. Por 1lo tanto, el punto de fusién de una
preparacién de clorhidrato de lercanidipina no es
suficiente por si mismo para distinguir la forma o formas
particulares gqua estdn presentes en la misma, y muchas
mezclas de diferentes composicliones tienen el mismo rango

de punto de fusién.

EJEMPLIO 22. Micronizaciédn del clorhidrato de lercanidipina.

La micronizacién se lleva a cabo por medio de un

6i66682 T.S: U 18SHEICS W9IN Z3I09'4AHIHN: 30 6bIST bBS-3B-834
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procedimiento de molino por chorroe utilizandoe un aparato
MICRONETTE M300 de la firma NUOVA GUSEO (Villanova sull’Arda
-PC- Italia). Los pardmetros son como sigue: presién de
inyeccién, 5 Kg/cmq; presidn de micronizacién, 9 Kg/cmg: y
preslén del ciclén, 2.5 Kg/amg. La capacidad de micronizacién
€5 16 Kg/h. El tamano de particula se determina por medic de
la difraccién de luz laser utilizando un inatrumento de rayos
lasezr GALAI CIS I (GALAX, Haifa, Israel). La micronizaeidn se
realiza para obtener un tamafic de particula promedio de D
(50%) 2-8 ym y D (90%)<15 um.
* * .

La presente invencién no se debe limitar en
cuante al alcance por las modalidades especificas
descritas en aate texto. En realidad, varias
modificaciones de la invencidn, ademids de aquellas
descritas en este texto, llegardn a ser aparentes para
aquellas personas expertas en el campo a partir de la
descripcién anterior y las figuras que la acompafan. Se
propone que estas modificaciones se encuentren dentro del
alcance de las reivindicaciones anexas.

Por toda esta solicitud se citan patentes,
solicitudes de patente, publicaciones, procedimientos vy
similares, las descripciones de las cuales se incorporan en

aste texto a manera de referencia en su rotalidad.

233
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Se hace constar que con relacién a esta fecha, el
mejor método conocido por la solicitante para llevar a la
practica la citada invencién, es el que rasulta claro de la

prasente descripcidon de la invencién.
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REIVINDICACICMES

Habliéndose descrito la invencidn como antecede, se
reclama como propiedad 1lo contenido en las siguientes
xreivindicaciones:

1. Una forma sélida, cruda (A) de clorhidrato de
lercanidipina, caracterizada porgue tieaes un puntc de fusién
de aproximadamente 150-152°C (pico de DSC) y que comprende
aproximadamente 3-4% (p/p) de acetato de etilo.

2. La forma sdlida, cruda (B} de cloxhidrato de
lercanidipina, caracterizada porque tiene un punto de fusiédn
de aproximadamente 131-135°C (pico de DSC) y que comprende
aproximadamente 0.3~0.7% (p/p) de acetato de etilo.

3. Un método para producir la forma cruda de
clorhidrato de lercanidipina de conformidad «con 1la
reivindicacidn 1, caracterizado porque comprende Jlos pasos
de:

a) hacer reacclonar el acido 2,6~-dimetlil-5-
metoxicarbonil-4-(3-nitrofenil)-1,4-dihidropiridin~3-
carboxilico con un cloruro seleccionado del grupo que
consiste de cloruro de tionilo y cloruro de oxalilo en un
solvente dipolar, aprético y un solvente polar, aprético para
producir el clorurc de carbonilo correspondiente;

(b) hacer reaccionar, in situ, el cloruro del
paso a) con el alcohol de 2,N~dimetil-N-(3,3-difenilpropil)-

l-amino-2-propilo para formar el clorhidrato de lercanidipina

239
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crudo; y

c)

80

aislar el clorhidrato de lercanidipina crudo

del paso b) y recuperar la forma cruda (A) de clorhidrato de

lexcanidipina,

en donde el paso (c) consiste esencialmente de los siguientes

pasos:

i.

ii.

iii.

iv.

vi.

vii.

viil.

6166582 T.S: B

lavar el clorhidrato de lercanidipina crudo del
paso (b) con agua:;

ramover el agua del paso 1), para producir una
nezcla;

concentrar la mezcla del paso ii) y adicionar un
solvente para producir una suspensién que tiene
aproximadamente el mismo volumen como el volumen
inicial de la mezcla dael paso ii) y un contenido
de aguva, de acuerdo con Karl Fischer, de entre
0.10 y 0.15%;

enfrxiar la suspensidén obtenida en el paso 1ii)

para obtener un sdlido;

. filcrar el sélido del paso iv);

resuspender el solido del paso v) en acetato de
etilo;

enfriar la suspensién del paso vi):; y

filtrar y secar el praducto pracipitado del paso
vii) para producir 1la forma cruda (A) de

clorhidrato de lercanidipina.

220
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4. El método de conformidad con la reivindicacién
3, caracterizado porque el paso de reacciédn b} se conduce a
una temperatura entre -5 y +5°C.

5. El método de conformidad con la reivindicacién
3, caracterizado porque el cloruro en el paso a) &3 cloruro
de tionile.

6. El método de conformidad con la relvindicacién
3, caracterizado porque el paso c) ii) comprende la remgcidn
del agua del pasoc c) 1) por madio da la destilacién
azeotropica bajo vacio dentro del rango de 200-300 mmHg, a
una temperatura no mayor de 60°C, para producir una mezcla.

7. El método de conformidad con la reivindicacién
3, caracterizado porque el paso de resuspensién c) vi)
comprende la agitacién a 60-65°C durante aproximadamente 1
hora.

8. El método de conformidad con la relvindicacién
3, caracterizadoc porque el secado en el pasac c) viii) es un
horno a 70°C.

9. El método de conformidad con la relvindicacidn
3, caracterizado porque el paso de lavado ¢} i) es con agua:
la mezcla en el paso ¢} 1iil) es concentrada s 1/3 de su
volumen inicial y el solvente se adiciona para producir una
suspansién gque tiene aproximadamente el mismo volumen camo el
volumen inicial de la mezcla; y el contenido de agua de la

suspansién, de acuerdo con Karl Fischer, es entre 0.1 y

6T66SE2 T.S: U L@SBB2S  U9EN ZI09'440HIHN: 30 OS:!ST Hove-28-834
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10. El método de conformidad con la reivindicacién
3, caracterizado porque el enfriamiento en el paso c) iv) se
lleva a cabc a una temperatura dentro del rango de 0-5°C.

11. El método de conformidad con la relvindicacidn
3, caracterizado porque el enfriamiento en el paso vii) se
lleva a cabo a una temperatura dentro del rango de 5-10°C,

12. Un método para producir la forma cruda (B) de
clorhidrate de lercanidipina de conformidad <con la
reivindicacién 2, caracterizado porque comprende los pasos
de:

a) hacer reaccionar el é&cido 2,6-dimetil-5-
metoxicarbonil-4-(3-nitrofenil)-1,4-dihidropiridin-~3-
carboxilico c¢on un cloruro seleccionado del grupo gque
consiste de cloruro de tionilo y cloruro de oxalilo en un
solvente dipolar, aprético y un solvente polar, aprético para
producir el cloruro de carbonilo correspondiente;

(b) hacer reaccionar, in situ, el cloruro del
paso a) con el alcohol de 2,N~dimetil-N-{3,3-difenilpropil)-
l=amino~2-propilo para producir el clorhidrato de
lercanidipina crudo; y

c} aislar el clorhidrato de lercanidipina crudo
del paso b) y recuperar la forma cruda (B) de clorhidrato de
lercanidipina, en donde el paso {c) consiste esencialmente de

los siquientes pasos:

282
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i’) lavar el clorhidrato de lercanidipina crude del
paso (b) con agua;

ii’) remover el agua del paso i’), para produclr una
mezcla gque tiene un contenido de agua de
aproximadamente 2%, medido de acuardo con Karl
Fischer;

iii’) concentrar la mezcla del paso 1i’) y adicionar un
solvente para produclir una 8sclucién que tiene
aproximadamante el mismo volumen como €l volumen
inicial de la mezcla del paso ii’) y un contenido
de agua, de acuerdo con Karl Fischer, de entre
0.9 y 1.1%;

iv*) enfriar la solucldn del paso iii‘’) para obtener
un sélido;

v) filtrar el sélido del paso iv’);

vi’} resuspender e¢1 sdlido del paso v') en un
solvente;

vil’) enfriar la suspensién del paso vi’); y

viii’) filtrar y secar el sédlido obtenido para producir
la forma «cruda (B) de clorhidrato de
lercanidipina.

13. El método de conformidad con la reivindicacién
12, caracterizado porque el pasc de reaccién b) es conducido
3@ una temperatura entre -5 y +5°C.

14. El método de conformidad con la reivindicacién

283
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12, caracterizado porgue el cloruro es cloruro de tionilo.

15. El método de conformidad con la rxeivindicacién
12, caracterizado porque el paso ¢} ii’) comprende la
remocién de agua del paso i’') mediante el calentamiento a
reflujo azeotrépico para producir la mezcla.

16. El méatodo de conformidad con la reivindicacién
12, caracterizado porque el paso ¢) 1iil’) comprende la
concentracién de la mezcla a 3/4 de su volumen inicial.

17. El método de conformidad con la reivindicacién
12, caracterizado porque el solvente en los pasos c) iii’) y
vi') es acetato de etilo.

18. El método de cenformidad con la reivindicacién
12, caracterizado porque el paso ¢} iv’}) comprende el
enfriamiento de 13 solucién a una temperatura dentro del
rango de 0-5°C.

19. El método de conformidad con la reivindicacién
12, caracterizado porgque el paso c¢) vi’) ademds comprende
agitar 1la suspensién a 60-65°C duzante aproximadamente 1
hora.

20. El método de conformidad con la reivindicacién
18, caracterizado porque el paso c) vii’) ademis comprende el
enfriamiento del sélido a una temperatura entre 5 y 10°C.

21. El método de conformidad con la reivindicacién
12, caracterizado porque &l secado en el paso viii’) as an un

horno a aproximadamente 70°C.

28y
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22. El método de conformidad con cualgquiera de las
reivindicaciones 3-21, caracterizado porque el solvente
dipolar, aprdtico es dimerilformamida y el solvente polar,
aprotico es acetato de etilo.

23. la forma cristalina, aislada (I) de
clorhidrato de lercanidipina, caracterizada porque tiene el
patrén de difraccién de rayos X, a una longitud de onda Ka,
como se muestra en la figura 1l.

24, La forma «cristalina de 1lercanidipina de
conformidad con la reivindicacién 23, caracterizada porque
las distancias, relaciones (I/Io), y &ngqulos 20 de los picos

significantes en la figuxa 11 son:

D(X) Intensidad Relativa (I/lo) angulo 20
16.3 83 5.4

6.2 47 14.2

4.78 29 18.6

41.10 63 21.7

4.06 36 21.9

3.90 100 22.8

25, La forma cristalina, aislada {II) de
clorhidrato de lercanidipina, caracterizada porque tiene un
patrén de difraccidn de rayos X, a la longitud de onda Ka,
como se muastra en la figqura 12.

26, La forma «cristalina de lercanidipina de
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conformidad con la reivindicacidn 2%, caracterizada porgque
las distancias, relaciones (1/Io), y &ngulos 20 de los picos

significantes en la figura 12 son:

D(X) Intensidad Relativa {I/Io) |é&ngulo 20
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
3.7 100 23.6
3.58 44 24.8
3.54 29 25.2

27. Un método para producir la forma cristalina
(I) de clorhidrato de lercanidipina de conformidad con
cualquiera de las relvindicaciones 23 y 24, caracterizado
porque comprende:

d) adicionar un solvente de alcohol de 1 a 5
dtomos de carbono que contiena un midximo de 5% de agua (v/v)
3 una forma cruda de clorhidrato de lercanidipina y calentar
bajo reflujo y con agitacidn producir una sclucién clara;

e) enfriar la solucidén del paso d) y agitar hasta
que la concentracién de clorhidrato de lercanidipina disuelto

en el solvente de cristalizacién es £ 285 y

6166982 1i5: U

285

48SBEBCS  UD3N ZRO9°A40HIHN: 30 ISIST bEdaS-29-834



87

£f) recuperar el sélido obtenido del paso e), ¥
sacar el sélido para producir la forma cristalina (I) de
clorhidrato de lercanidipina.
28. El método de conformidad con la reivindicacién
5 27, caracterizado porque el paso f) comprende filtrar el
s6lido obtenide del paso e), lavar al 80lido con isopropancl
y filtrar nuevamente el s6lido antes del secado.
29. El método de conformidad con la reivindicacién
27, caracterizado porque el alcohol del paso d) se selecciona

10 del grupo que consiste de isopropanocl, etanol y etanol
anhidro.

30. El método de conformidad con la reivindicacién
27, caracterizado porque la forma cruda es la forma cruda (A}
de clorhidrato de lercanidipina, la forma cruda (B) de

15 clorhidrato de lercanidipina o la forma c¢ruda (C} de
lercanidipina.

31. El método de conformidad con la relvindicacién
27, caracterizado porque el paso d) ademés comprende filtrar
la solucidén calentada.

20 32, El método de conformidad con la reivindicacion
29, caracterizado porque cuando el alcohol de 1 a 5 Atomos de
carbono es Llsopropanol, el paso e) comprende enfriar la
solucién a una temperatura entre 30 y 40°C.

33. El método de conformidad con la raivindicaclén

25 32, caracterizado porque el paso e) ademds comprende agitar

e e2"d 6166982 T.S: U JOCSHEAPS U9aN Z309°Ad0HIHN: 30 1S:IST HO82-28-834



durante un periodo de tiempo de 12-48 horas.

34. El método de conformidad con la reivindicacién
27, caracterizado porque el secado en el paso f) toma lugar
en un horno.

5 35. El1 método de conformidad con la reivindicacién
29, caracterizado porque cuando el alcohol de 1 a 5 dtomos de
carbono as etanol, éste comprende los siguientes pasos

d’} proporcionar una mezcla de etanol Yy
clorhidzato de lercanidipina, calentar a reflujo bajo

10 agitacién y enfriar a 20°C y adiclonar las semillas
cristalinas de la forma (I);

e’) enfriar adicionalmente la mezcla sembrada del
paso d’) y agitar hasta gque la concentracidén de clorhidrato
de lercanidipina disuelto en el solvente de cristalizacién aes

15 < 2%; y

£’) recuperar el sélido del paso e’) para formar
la forma (I) de clorhidrato de lercanidipina.

36. El método de conformidad con la reivindicacién
35, caracterizado porque la relacién de clorhidrato de

20 lezcanidipina con el volumen del solvente en el paso d’) en
una relacién de volumen en peso estd dentro del rango de
aproximadamente 1:4 a 1:6.

37. El métecdo de conformidad con la reivindicaciodn

35, caracterizado porque la relacién de 1:4.

25 38. El método de conformidad con la reivindicaeidn
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35, caracterizado porgue d’) ademds comprende filtrar la
solucldén calantada.

39. El método de conformidad con la reivindicacién
35, caracterizado porque el enfriamiento en el paso e') se
lleva a cabo a una temperatura entre 10 y 15°C.

40. El método de conformidad con la reivindicacidn
35, caracterizado porque el secado an el paso f’) toma lugar
en un hoxrno a 70°C.

41, El método de conformidad con la reivindicacién
35, caracterizade porque las semillas auténticas de la forma
(I) de lercanidipina se adicionan al final del enfriamiento
en log pasos e’') y d’).

42. Un método pars producir la forma cristalina
{II} de clerhidrato de lercanidipina, que tiene un patrén de
difraccién de rayos X, en la longitud de onda K&, como se
muestra en la figura 12, de conformidad con cualquiera de las
reivindicaciones 25 y 26, el método estd caracterizado porque
comprende los pasos de:

d”) adicionar acetonitrilo al clorhidrato de
lercanidipina y calentar la mezcla obtenida de esta manera
para formar una solucién;

e”) enfriar la solucién del paso d*) y agitar
hasta que la concentracién de clorhidrato de lercanidipina
disuelto en el solvente de cristalizacién es < 2%; y

£”) recuperar el sélide del paso e”) y secar el

239
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86lido para producir 1l1la forma (II) de clorhidrato de
larcanidipina.

43. El método de conformidad con la reivindicacidn
42, caracterizado porque el paso d”) comprende calentar la
mezcla bajo reflujo con agitacién.

44. El método de conformidad con la reivindicacién
42, caracterizadc porque el pasc e”) comprende enfriar la
solucion a temperatura ambiante.

45. El1 método de conformidad con la reivindicacion
42, caracterizado porque el paso e”) comprende agitar la
solucién a temperatura ambiente durante 24 horas.

46. El método de conformidad con la reivindicacioén
42, caracterizado porque el paso de sscado f”) toma lugar en
un horno.

47. El método de conformidad con la reivindicaclén
42, caracterizado porque la forma cruda es la forma cruda (A)
de clorhidrato de larcanidipina, la forma cruda (B) de
clorhidraro de lercanidipina o la forma cruda (C) de
lercanidipina.

48. Un método para producir la forma cristalina
{I1) de clorhidrato de lexcanidipina, que tiene un patrén de
difraccién de rayos X, en la longitud de onda Ka, como se
nuestra en la fiqura 12, de conformidad con cualquiera de las
reivindicaciones 25 y 26, caracterizado porque comprende:

d“’) adiclionar etanol o© isopropanol «con un

290
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contenido de agua inferior a 10d en peso al clorhidrato de
lercanidipina y calentar a reflujo para producir una
soluciédn;

a”’') enfriar la solucidn a una temperatura entre 20

y 40°C y agitar hasta que la concentracién de clorhidratc de
lercanidipina disuelto en el solvente de cristalizacién es <
2%; y

£”') recuperar el sélido producido del paso e¥)
para producir la forma (II) de clorhidrato de lercanidipina.

49. El método de conformidad con la reivindicacidén
48, caracterizado porque el etanol se adiciona en el paso
d“’).

$0. El método de conformidad con la reivindicacién
48, caracterizado porque el contenido de agua del solvente an
el paso d”’) es entre 5 y 10%,

51. El1 método de conformidad con la reivindicacién
48, caracterizado porque el paso f”') comprends filtrar el
sélido y secar en un horno.

52. Un método para producir la forma cristalina
(II) de clorhidrato de lercanidipina, que :.lene un patrén de
difraccién de zayos X, en la longitud de onda Ka, como se
muestra en la figura 12, de conformidad con cualquiera de las
reivindicaciones 25 y 26, caracterizado porque comprende:

d””) disclver el clorhidrato de lercanidipina crudo

0 la forma cristalina (I) de clorhidrato de lercanidipina en

29 |
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un solvente polar, prético o dipolar aprético que contiene
hasta 50% en peso de agua para producir una sclucién;

e””) agitar la solucidn del paso d“*) hasta que la
concentracion de clorhidrato de lercanidipina disuelto en el
solvente de cristalizacién es S 2%; y

£“”) recuperar el adélidc del paso e*") para
producir la farma (Il) de lercanidipina.

53. El méatodo de conformidad con la reivindicaclén
52, <caracterizado porque ademids comprende lrradiar con
ultrasonido y/o adicionar semillas cristalinas de la forma
(ITI) al pasoc e"").

S4. El método de conformidad con la reivindicacién
52, caracterizado porgue ademis comprende adicionar hasta 60%
de agua a la solucién del paso 4d*").

55. El método de conformidad con la reivindicacién
52, caracterizado porque el solvente polar, prético es un
solvente de alcohol.

56. El1 método de conformidad con la reivindicacién
52, caracterizado porque el solvente de alcohol se 'selecciona
del grupo que consiste de metanol, etangl, n-propanol e
isopropanol.

$57. El método de conformidad con la reivindicacién
52, caracterizado porque el solvente dipolar, aprético es N-
metilpirrolidona.

58. El método de conformidad con la reivindicacién

292
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52, caracterizado porgque la temperatura del paso d*“") es
entre 20 y 70°C.

59. El método de conformidad con la reivindicaclén
52, caracterizado porque la agitacién en el paso e””) toma
lugar a una temperatura antre 20 y 25°C.

60. El1 método de conformidad con la reivindicacién
52, caracterizado porque el secado en el paso f”") toma lugar
a 70°C.

61. Una composicién farmacéutica antihipertensiva,
caractarizada porqua comprende {1) clorhidrato de
lercanidipina e¢ristalino y opecionalmente otras formas de
lercanidipina, en donde el clorhidrato de lercanidipina
cristalino se selecciona del grupo que conslste de la forma
cristalina (I) de clorhidrato de lercanidipina, la forma
cristalina (11) de clorhidrato de lercanidipina Y
combinaciones de las mismas que comprenden un contenido
predeterminado de cada forma cristalina y (2) al menos un
componente seleccionade del grupo que consiste de un portador
o diluyente farmacéuticamente aceptable, un saboriz2ante,
edulcorante, conservador, tinte, sustancia aglutinante,
agante de suspenslién, agente de dispexrsién, colorante,
desintegrante, excipiente, lubricante, plaatificante y aceite
comestible.

62. Una forma de dosificacioén unitaria,

caracterizada porque comprende la composicién farmacéutica,

293
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antihipertensiva de conformidad con la reivindicacién 61.

63. La forma de dosificacién unitaria de
conformidad con la reivindicacién €2, caracterizada porque la
forma de dosificacidn es una forma de dosificacién de
liberacién inmediata de lercanidipina.

64. La forma de dosificacién unitaria de
conformidad con la reivindicacidén 62, caracterizada porgue la
forma de dosificacién es una forma de dosificacién de
libaracién sostenida de lercanidipina.

65. La forma de dosificacién unitaria de
conformidad con la reivindicacién 64, caracterizada pcrque la
forma de dosificacién comprende una fase de liberacién
inmediata de lercanidipina y una fase de liberacidn sostenida
de lercanidipina.

66, La forma de dosificacién unitaria de
conformidad con la reivindicacidn 65, caracterizada porque la
composicién comprende 0.1 a 400 wmg de clorhidrato de
lercanidipina.

67. La forma de dosificacidén  unitaria de
conformidad con la relvindicacién 66, caracterizada porque la
compoaicion comprende 1 a 200 mg de clorhidrato de
lercanidipina.

68. la forma de dosificacién unitaria de
conformidad con la reivindicacidn 67, caracterizada porque la

composicién comprende 5 a 40 mg de clorhidrato de

294
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lercanidipina.

69. Una composicidén antihipertensiva,
caracterizada porque comprende cantidades predeterminadas de
la forma cristalina (I) de clorhidrato de lercanidipina y la
forma cristalina (II) de clorhidrato de lercanidipina.

70. La composicién antihipertensiva de conformidad
con la reivandicacién 69, caracterizada porque la forma
cristalina (I) de clorhidrato de lexcanidipina tiene un punto
de fusidén de aproximadamente 197-201°C y la forma cristalina
(II) da clorhidrato de lercanidipina tiene un punto de fusidn
de aproximadamente 207~211°C, cuando los puntos de fusién son
determinados como 10s plcos de DSC.

71. lLa compasiclidén antihipertengsiva de conformidad
con las reivindicaciones 69 y 70, caracterizada porgque la
relacioén de la forma (I) con la forma (II) es entre 1:9 y
9:1.

72. La composiciébn antihipertensiva de conformidad
con la reivindicacién 71, caracterizada porque la relaciédn de
la forma (I):forma (II) se selecciona del grupo que consiste
de 9:1, 7:3, 1:1, 3:7 y 1:9.

73. La forma cristalina, aislada de lercanidipina
de conformidad con cualquiera de las reivindicaciones 23, 24,
25 o 26, caracterizada porque comprende un tamafio de
particula promedio de D (50%) 2=-8 pm y D (90%) <15 pm,

74, La composicién farmacéutica, antihipertensiva

29S8
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de conformidad con la reivindicacion 62, caracterizada porque
las formas cristalinas (I) y (II}) de clerhidrate de
lercanidipina tienen cada una un tamafio de particula promedio

de D (50%) 2-8 um y D {90%) < 15 pm.

@ 62"d 6166882 1.S: U 409SBEEZS  U93N Z309‘440HIHNT 30 LSS bAaS-20-6dd



297

87

RESUMEM DE LA INVERCION

La invencién describe las nuevas formas crudas (A)

y (B) de lercadinipina, las nuevas formas cristalinas (I) y

5 {(II) de clorhidrato de lercanidipina obtenidas a partir de
las formas crudas, compogsiciones antihipertensivas,
farmacéuticas que contienen como agente activo 3l menos una

de las formas cristalinas (I) y (II) de clorhidrato de

lercanidipina y métodos de uso de las mismas.
10
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2020
Bogoté, D.C.,
Dociora: oscoNr 02167
Dora Marla Gémez Diaz.

Apoderada
Recordati Ireland Limited.

ASUNTO: Radicacion N° 04-8319
Solicitud Itamacional PCT/EP02/08800
Fecha inicio fase nacional  08/03/2004
Trémits 011
Evento 379
Achuacion 430
Folos 001

Como resultado del examen de forma, realizado con fundamento el el articulo 38 de la Decision 488 de la
Comisidn de la Comunidad Andina, articulo 27 del Tratado de Cooperacién en Materia de Patentes (PCT),
regla 51 bis del Reglamento y Circular Unica de la Superintendencia de Incusiria y Comercio, se le comunica
que:

[ La solichud no contiene la copia del documento en que consia la cesion del deracho a la patente del
inventor al solicitante o a su causare. (Art. 26-k) Decisidn 486).

0 La soliciiud no contiene el poder debidaments otorgado, con el leno de los requisitos axigidos por los
articulos 63 y subsiguientes del Cddigo de Procedimiento Chvil. Adiclonaiments, deberd presentar el
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persona juridica.

En cumpiimiento de lo dispuesio por el articulo 38 de la Declsidn 486, 96 le requisre para que dentro del
término de dos meses siguientes a la facha de nolificacin del presents oficio, complete los requisitos
anteriormente enunciados. En caso de no dar cumpliimiento al presents requerimiento, la soliciiud se
considerard abandonada y perderd su prelacion. '

Noiifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, iteral e), del capftulo quinto del
tiulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZA DE VERGEL
Jefede la de Nuevas Creaciones.

27 FEB. 2004

Bl antarior requerimiento fue notificado por fjacién en ista de fecha,_



