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[57] ABSTRACT

The subject invention provides anhydrous 1.4-
dihydropyridines and salts thereof, and a mcthod tor pre-
paring them. The 1,4-dihvdropyridines have Formula I

O— A— N-==CH—CH;CHPh)»

Ry R

wherein:
Ph is phenyl,
Ar is: 2-nitrophenyl, 3-nitrophenyl, 2,3-dichloropheny! or
benzofurazan-4-vl,
A is a branched chain alkylene radical having from 2 to 6
carbon atoms,

R is a straight or branched chain alkyl radical having from
1 10 6 carbon atoms, optionally mono-substitutcd by an
alkoxy substituent having from 1 to 6 carbon atoms,

R, is hydrogen, hydroxy, or an alkyl radical having from
1 10 4 carbon atoms, and

R, is hydrogen, or mcthyl.

9 Claims, 6 Drawing Sheets
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1
ANHYDROUS 1,4-DIHYDROPYRIDINES AND

FICI.D OI' THE INVENTION

The present invention relates to the use of 1,4-
dihydropynidines to counter several processes which affect
the development ot atherosclerotic vascular lesions, such as,
for example, myocyte proliferation and migration, choles-
terol metabolism in macrophages and oxidative modification
of low-density lipoproteins (I.DL.) Beneficial effects on the
above biological processes are the basis for prevention of
atherosclerotic degradarion in arterial walls of humans.
Another aspect of the invention relates to particular forms
of, and composiuons containing, such compounds and
adapted for this therapeutic use

BACKGROUND OF THE INVENTION

I'he compounds of the invention are known for their
corvnary dilaling and antihypertensive activity from U.S.
Pat. No. 4,705,797. However, the anhydrous form of such
compounds 1s novel and torms part of the present invention.

A particularly preferred compound is methyl 1,1,N-
trimethyvl-N-(3.3-diphenylpropyl)-2-aminoethyl 1,4-
dibhydro-2,6-dimethyl-$-(3-nitrophenyl)-pyridine-3,5-
cdicarboxylate (lercanidipine), and pharmaceutically
aceeptable salts thereot These compounds can be prepared
according to the mcthods ¢ited in U'S Pat. No. 4,705,797 or
the methods disclosed herein.

Abso. pariicularly preferred are the resolved enantiomers
ol lercamudipine The preparaton of the individual enant-
omers is described in the present specification.

Arlenosclerosis, a generic term for thickening and hard-
ening of the arterial wall, is responsible for many deaths in
the United States and other westernized societies. One type
of arteriosclerosis 1s atherosclerosis, a disorder of the larger
arteries that underhies most coronary artery disease, aortic
aneurysm, and arterial disease of the lower extremities.
Atherosclerosrs plavs a major role in cerebrovascular dis-
case and 1s a leading cause of death in the United States, both
above and below age 65 (L. [ Bierman in Harrison's
Principles of internal Medicine XII Ed., page 992 (1991)).

Ttis now recogmzed that atherosclerosis is a multifactorial
provess that, when leading to clinical sequelae, is based on
extensive proliteration of migrated smooth muscle cells
(myocytes) within the intima of the affected artery. The
atherosclerone plaque tormation is believed to be the result
of three fundamental biological processes. These are:

1) mgration and proliferation of mtimal smooth muscle
cells, together with variable numbers of accumulated
macrophages and 1-lymphocytes;

2) formauon by the proliferated smooth muscle cells of
large wmounts of connective Lssue maltrix, including
collagen. elastic fibers, and proteoglycans; and

A accumuiation of hipid, prinaipally 1 the form of
cholesterol esters and free cholesterol within the cells
as well asan the surrounding connective tissucs.

(R Rossetal . Science, 180: 1332 (1973); R. Ross et al., N,
Fng 1 Med 295 309 (1970), R W. Wissler et al., Prog.
Cardiovase Drs., 15, 3341 (1976)).

In addition, a number of experimental reports ascribe a
hey role o the vxidative modafication of low density hpo-
proteins (LDL) in the ecarly stages of atherosclerosis in
humans, where hypercholesterolemia represents the major
risk factor associated with the increased incidence of the
discase Available data has lead to the belief that LDL can

2

undergo oxidative modification (D. Steinberg et al., N. Eng.
J. Med., 320. 915 (1989); J. 1. Wilztum, Lancer, 3344, 793
(1994)) and that oxidized LDL has been shown to promote
atherogenesis by a number of mechanisms, including
5 enhanced uptake of LDL in tissue macrophages which leads
to lipid accumulation and chemotactic activity for mono-
cyles (M. S. Brown et al.,, Ann. Rev. Biochem., 52: 223
(1983)), and cytotoxicity to arterial wall endothelial cells (S.
Parthasarathy et al., Prog. Lipid Res., 31: 127 (1992)).
10
SUMMARY OF THE INVENTION

It has now been found that 1,4-dihydropyridines, such as
lercanidipine and each enantiomer of lercanidipine are able
to counteract many of the biological processes leading to
atherosclerotic lesions. Therefore, these compounds arc use-
ful in a mammal, including a human in need of such
(reatment to prevent, retard, or reduce the atherosclerotic
degradation of the arterial wall, hypercholesterolemia and
the various diseases caused by these, such as, for example,
ischemic heart diseases such as myocardial infarction and
cerebrovascular diseases such as cerebral infarction and
cerebral apoplexy.

The compounds of the invention are also useful for the
inhibition of restenosis following percutaneous transluminal
coronary angioplasty (PTCA) and for suppressing the pro-
gression of vascular hypertrophy associated with hyperten-
sion.

The subject invention provides a method tor preventng,
30 retarding, and/or reducing atherosclerotic lesions and pre-

venting atherosclerotic degradation of arterial walls. The
method comprises administration of an effective amount of
a compound having Formula I.

—
tn

25

35 I
o] Ar O
RO

le] | I O—A~—N—CH—CH,CH(Ph,

40 Ry Rz
H,C 'I\ CH;
H

45 wherein:

Ph is phenyl,

Ar is: 2-nitrophenyl, 3-nitrophenyt, 2,3-dichlorophenyl or
5 benzofurazan-4-yl,

Als a branched chain alkylene radical having from 2 10 6
carbon atoms,

Ri1s astraight or branched chain alkyl radical having from
1to 6 carbon atoms, optionally mono-substituted by an
alkoxy substituent having from 1 to 6 carbon atoms,

ss R, is hydrogen, hydroxy, or an alkyl radical having from

1 to 4 carbon atoms, and

R, is hydrogen, or methyl

Also useful in the present invention are resolved enant-
omers of the compounds having formula 1, pharmaceuri-

60 cally acceptable acid addition salts, and hydrated or solvated

forms of any of these compounds.

The present invention also contemplates unit dosagc
forms that include an cffective amount of at least one of the
(R)-enantiomer, the (S)-enantiomer, or the racemate of the

65 compounds ot the invention.

It has been discovered that the compounds of the inven-
tion can be prepared in anhydrous (unsolvated) form by
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recrystallizing the compound in an aprotic solvent and a
protic solvent In the recrystallization either apronc or protic
solvent can be used prior to the other. The anhydrous
compounds formed have improved stability when compared
to the hvdrated or solvated compounds. Particularly pre-
ferred among these 1.4-dihydropyridine derivatives are
lercamdipine, its enantiomers, and pharmaceutically accept-
able <alis thereof [ercanidipine is methyl 1,1-N-trimethyl-
N-(33-diphenvipropyl)-2-aminoethyl 1,4-dihydro-2,6-
Jdimethyi-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate.

The (S)-coantiomer and the racemate of lercanidipine,
both possess antihy pertensive activity, and can be used for
paticnts an need of treatment for both hypertension and
diseases related 1o atherosclerotic phenomena.

On the other hand, (R)-lercanidipine, having only mini-
mal antthypertensive activity. has substantial activity in, and
can be used for treating conditions involving, smooth
muscle cell migration and proliferation and diseases related
1o atherosclerone phenomena without any concomitant car-
iovascular ¢ffect. This cnantiomer 1s usetul for treatment of
patienls tor whom reduction of blood pressure would be
undesirable

The 1nvention also provides for the preparation of a
composition usctul tor the treatment, ie.. the prevention,
artest, retardation, or at least partial reversal of atheroscle-
retie degracation in the arterial walls of a patient in need of
said ueatment using a compound of the general formula I.

DESCRIPTION OF THE DRAWINGS

LIG 1 s o graphical representation of the effect of
lercamdipine and ns enantiomers on [°H]-thymidine incor-
poration mte myvocy les of ral smooth muscle cells.

FIG 2 1s a graphical representation of the ability of
lercamdipme und its cnantiomers to interfere with the migra-
won ol arteridl myocvtes,

FIG 3 o~ graphieal represcentation of the ability of
lercanidipine and 1ts enanuomers 1o Inhibit the enzyvme
ACAT and cholesterol esterification induced by AcLDL in
mouse periioueal macrophage

PG 4w graphical representation of the concentration-
dependent «ffect of lercanidipine and its enantiomers on
cholesterel estentication in cholesterol ester loaded mac-
rophiges

s
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FIGS. 5 and 6 are graphical representations of the effect
of lercanidipine and its enantiomers on cell-mediated oxi-
dation of [.DL.

FIG 7 is a time course plot of cell-mediated oxidation and
the effects of lercanidipine afier incubation.

DETAILED DESCRIPTION OF THE
INVENTION

All patents, patent applications, and hterature references
cited in the specification are hereby incorporated by refer-
ence in their entirety. In the case of inconsistencies, the
present disclosure, including detinttions, will prevail,
“Treatment” of atherosclerosis is intended to include
preventing, retarding, and/or reducing atherosclerotic
lesions and preventing, retarding, and;or reducing athero-
sclerotic degradation of arterial walls, in mammals, particu-
larly humans. In particular, the inhibition or counteracting of
the following processes, which lead to atherosclerotic
lesions, can be considered very useful for the treatment ot
atherosclerosis. They 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 fibers, and proteoglycans; and

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

According to the present invention, treatment constitutes
any improvement in one or more clinical or histological
symptoms or diagnostic markers observed by the aticnding
physician or determined by quantitative or semiquantitative
techniques. Non-limiting ¢xamples clude techniques such
as, analysis of blood, ultrasound and other imaging tech-
niques such as angiography. Several of these techniques
have been developed and are well-known. Patients who are
hikely 10 require this treatment are those suffening from or
risk for myocardial infarct, stroke, hyperlipidemia, o1 hyper-
lension.

Lercanidipine can be prepared by Hantzsch cvclization of
methyl 3-aminocrotonate (1) wath 1,1 N-trimethyl-N-(3,3-
diphenylpropyl)-2-aminoethyl o-acetyl-3-nitrocinnamate
(2) (Scheme 1), according to the method described in U S
Pat. No. 4,705,797,

SCHEME 1
o]
CH{
CH, HC H,C NH-
X 1
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-continued

C

CHs

LERCANIDIPINE

However, the ¢vehsation method deseribed in the US.
Pat. No 4,703,797 leads to several impurities and conse-
quently a lew vield of the product 15 obtained The remaoval
of the reaction byproducts requires the use of purification
technigues, ¢ g..column chromatography, which are difficult
10 apply on an industrial scale.

Alicrnatively, lercanidipine can be prepared by esterifi-
cation of 1.4-dihvdro-2,6-dimethyl-5-methoxycarbonyl-4-
(3-muophenypyridine-3-carboxvlic acid (3) with 2,N-
dimethyl-N-(3,3-diphenylpropyl)-1-amino-2-propanol (4)
(Scheme 21 according to the method described in Example

3

SCHEME 2

20

Resolved lercanidipine enantiomers can be obtaned by
the esterification method illustrated in Scheme 2 using the
corresponding homochiral acids which, when presentin | 1
ratio, constitute the above cited racemic acid 3.

The homochiral acids, hereinbelow called for
convenience, acid 5 (the (R)-enantiomer) and acid 6 (the
(S)-enantiomer), can be conveniently prepared by resolution
of racemic acid 3 according 1o the method reported by A,
Ashimori et al., Chem Pharm Bull. 39 108 (1991)

The esterification reaction can be performed in the pres-
ence of a coupling agent (e.g.: dicyclohexvlcarbodiimide,
N,N'-carbonyldiimidazole or dicthyl cyanophosphonate).

Ha

1

Cl Tuj
N

CH;

1E R ANTDEPINE

CH;

Oll

CH;
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optionally 1n the presence of a promoting agent (e.g.
N-hydrosysuccinimide or 4-dimethylaminopyridine) in
aprotic or chlorinated solvents (e.g.: N,N-
dimethviformamide or chloroform) at temperatures ranging
from -1U to 1407 C according to well-known synthetic
mcthods: Albertson, Org React Vol. 12, 205-212 (1962);
Doherty et alo J. Med. Chem. 35. 2 (1992); Ishihara, Chem.
Pharm Bull 39: 3238 (1991)

Allernatively, lercanidipine endantiomers can be prepared
by reacting acid 5 (or acid 6) with alkyl chloroformate in
presence of a tertrary amine (c.g . tricthylamine), then add-
ing the Intermediate alcohol (4) at about 0-80° C.
Optionaliv, o promoung agent (¢ g, 1-hydroxypiperidine)
mayv be added before the addition of the intermediate (4)
(Albartson, Org Reacr Vol 12, 157 (1962))

I'he compounds and enantiomers of the invention can also
be prepared by conversion of acid S (or acid 6) into the
curresponding acy] halide using inorganic acid halides (e.g.:
phosphoraus pentachloride, oxalyl chloride, phosphorous
tchlonde, phosphorous oxycehlornide, or thionyl chloride) in
@ chlonnated solvent (e g chloroform, dichloroethane,
dichloromethane, 1,1, 1-trichlorocthane and the like), option-
Alv in the presence of promoting agents (e.g.: N,N-
dimcthyltormamide) at temperature ranging from about —-10
1o about 837 €' The resolved acyl halides can optionally, but
need not, be solated betore the addition of the intermediate
aleohul (4).

The lercanidipine enantiomers thus obtained are purified
according o inethods known 1n the art, either as a free base
(¢ o
repredipitanon or recrystallizatton). The above methods can
also be used for all compounds having formula L.

[t has been discovercd that racemic mixtures of the
cumpnunds of the invention purified by recrystallization can
be prepurad o anhydrous or unsolvated form by recrystal-
lizing the compound tfrom & solution ot the compound in; (i)
4l aprotic solvent, and (11) « protic solvent. he anhydrous
compounds have improved stability and lower hygroscop-
ity when compared to the hydrated solvated compounds.

The lere undipine can be obtained by esterification from
the corresponding dihvdropyridine acid in accordance with
4 Of1e-Step eaction process starting wath the acid chloride of
compound 3. prepared o sitw This route provides improved
yields and the formation of fewer reaction byproducts. The
improwed punty of the compounds of the invention avoids
the use of chromuatographic columns to isolate the desired
final prodne The compounds can be obrained directly by
Iy stutlisanon as the hvdrochlonde salt with a high degree ol
puri

tne lercamdipine by drochlonde can be prepared accord-
g to the presenl invention in the anhydrous crystalline
form, melting within a two degree range from about 185 to
190° C range afier recrystallisation of the crude hydrochlo-
nde compound [rom a solution of the compound 1n; (i) an
aprotwe solvent, and (11) a protic solvent

Laamples ol aprouc solvents include chlonnated solvents,
such as. for example, chloroform, dichloromethane,
diehlorocthane, chlorobenzene, 1,1,1-trichloroethane, and
the like. non-chlorinated solvents, such as, for example,
cthylacctate methyl acetate, tetrahvdrofuran, dioxanc, N,N-
dimethy [-lormamide. dimethylcarbonate, toluene. xylene,
an C,=C oy alkane, a (C—C-) cycloalkane and the like

Lxamples of prouwe solvents include solvents, such as, for
example, methanol, ethanol, propanol, isopropanol,
n-braanol, sce-butanol, tert-butanol and the like. All solvents
can be used alone or optionally in a mixture with other
solvents Al water miscible solvents can be used alone or in

by column chromatography) or as a salt (e.g.: by 3

10
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a mixture which may comprise at least one solvent and
optionally include water -

Pharmaceutically acceptable salts are prepared trom the
free bases in a conventional manner

Preferred pharmaceutically acceptable acid addinon salts
are those such as, for example, hvdrochlorie, sulfuric,
maleic, succinee, citric, methanesulfonic and toluenesullonmie
acids, and the like.

T'he hydrated and solvated forms of the compounds of the
invention include compounds which have water or solvent
molecules associated with them. There can be as little as
about 0.25 molecules of water or solvent or there can be
several water or solvent molecules for each lercanidipine
molccule.

Typical solvents which associate or solvate the lercanid-
ipines arc solvents which can be used for recrystallization
Examples of these solvents include water, alcohols such as,
for example, mecthanol, ethanol, propancl, isopropanol,
n-butanol, sec-butanol, tert-butanol and the like.

According to the invention, the 1.4-dihydropyridine
derivative having formula I may be admumstered to the
patient as such, or in the form of any of its pharmaceutically
acceptable salts, hydrates or solvates It has been determined
that the bioavalibility and efficacy of the compounds having
formula I is comparable whether administered in the anhy-
drous form or in a hydrated or solvated form.

Preferred pharmaceutically acceptable acid addition salts
include those formed with hydiochloric, sulfuric, maleic,
succinic, citric, methanesulphonic and toluencsulphanic
acids; they may be prepared from the free bases in conven-
tional manner. Whatever the form (base, salt, hvdrate or
solvate), the active ingredicnt will usually be administered
in admixture with a pharmaceutically acceptable carrier.

For the purposc of oral therapeuuc admunistration, the
active compounds of the invention can be incorporated with
cxcipicnts and uscd in the torm of tablets, troches, capsules,
elixirs, suspensions, syrups, wafers, chewing gum, and the
like.

These preparatiqns will typically contain at least about
0.5% of active compounds, but the amount of active ingre-
dient can be varied depending upon the particular torm and
may conveniently contain from about 5% o about 7077 of
the weight of the umit. The amount of active compound 1n
such compositions is such that o suitable dosage will be
obtained. However, the desired dosage can be obtained by
administering a plurality of dosage forms.

The compounds of the mvention can be admimsiered as
an oral dosage of from about 0.1 to about 400 mg, preterabls
from about 1 to about 200 mg, and most preferably from
about 5 to about 100 mg. per subject treated. per day
fherapy can conunue for several months or years or indefi-
nitely

Preferred compositions and preparations according to the
invention are prepared so that an oral dosage unit form
contans from about 0.1 to about 400 mg of achive com-
pound.

The tablets, pills, capsules, troches, and the like can also
contain, for example, the following optional ingredients' «
binder such as, for cxample, microcrystalline cellulosc,
tragacanth gum, gelatin, and the like; an excipient such as,
tor example, starch or lactose, a disintegrating agent such as,
for example, alginic acid, sodium starch glvcolate, corn
starch, and the like; a lubricant such as, for examplc,
magnesium stearate or hydrogenated castor oil, ¢ glidunt
such as, for example, colloidal silicon dioxide. Sweetening
agents such as, for example, sucrose or saccharin or Havor-
ng agents such as, for example, peppermint, methyl
salicvlate, or orange tlavoring can also be added
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The active compounds of the invention can be orally
admimstered, for example, with an inert diluent or with an
edible carrier. They can, for example, be enclosed in gelatin
capsules, or thev can be compressed into tablets.

When the dosage unit form is a capsule, it can contain, in
addition 10 materials described above, a liquid carrier such
as. for example. a fatty o1l

For the purpose of parenteral administration, the 1,4-
dibvdropyndine dervatives may be incorporated inio a
solution or suspension.

Thesce preparations typically contain at least 0.1% of
active compound, but the amount of active ingredient may
vary between 035% 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 contains between 0.5
10 100 mg of active compound The solutions or suspensions
may also include the tollowing components. a sterile diluent
such as water for injection, saline solution, fixed oils,
polvcthylene glyeols, glveerine, propylenc glycol or other
svnthetic solvents: an antibacterial agent such as benzyl
alcohel or methyl parabens, an antioxidant such as ascorbic
acid or sodium bisulfite; a chelating agents such as ethyl-
cncdiaminetetraacctic acid, a butfer such as an acetate, a
ciirate ot a phosphate and an agent for the adjustment of
tongenty such as sodium chloride or dextrose  Parenteral
multiple dose vials may be of glass or plastics material.

The parenteral multiple dose vials can be of glass or
plastic materials,

Other dosage unit forms can contain various other mate-
nals which modify the physical form of the dosage unit, for
example. coatings Thus, tablets or pills can be coated with
a sugur, shellac, or another cnteric coating agent.

Asyvrup can contun, in addition to the active compounds,
& swcelening agent, preservatives, dyes,
colunngs, and flavorants.

For the purpose of parenteral therapeunie administration,
the wiive compounds of the invention can be incorporated
into a physologically acceptable solution or suspension.

These preparations preferably contain at least about 0.1%
of active compound, but may be varied to from about 0 5%
to about 309 by weight thereof. The amount of active
compound n these compositions 1s such that a suitable
dosage of from about 5 to about 100 mg will be obtained
upon admintstration of the solution or suspension

Preferred vompostlions and preparations according 1o the
present invenuons are prepared so that a parenteral dosage
unil contuins from about 5 to about 100 mg of acuve
compound

he solutions or suspensions can also include the follow-
my components: a sterile diluent such as, for example, water
for anjection, sahine svlutton, fixed oils, polyethylene
glveels, glycerine, propyvlene glycol, other synthetic
sulvents, and the hke, annbacterial agents such as, for
example. benzyvl alcohol. methyl parabens, and the like,
antionidants such as, for example, ascorbic acid, sodium
bisulfite. wnd the like, chelating agents such as, for example,
cthylenechaminaiciraacetic acid and the hike, buffers such as,
tor example. acclates. citrates. phosphates, and the like, and
agents tor the wdjustment of tonicity such as, tor example,
sodium chloride, dextrose. and the like.

Matenials used in prepaning these various compositions
Lor practicing the inventon should be pharmaceutically pure
and non-toxic ul the level employed.

Additional compositions suitable for administration by
various routes and containing compounds according to the
prescnt invention are also within the scope of the invention.

SUCTOSC  ds

10

13

30

40

o0

68

10

Dosage forms, additional ingredients and routes of admin-
Istration contemplated herein include those disclosed in U.S
Pat. No. 4,089,969 and U.S. Pat. No. 5,091,182, both
incorporated by reference in their entirety.

EXAMPLES

The following examples illustrate the invention without
limitation.

Example 1

(S$)-(+)-METHYL 1,1-N-TRIMETHYIL-N-(3.3-
DIPHENYLPROPYL)-2-AMINOETHYL 1,4-DIHYDRO-
2,6-DIMETHYL-4-(3-NITROPHENYI.)PYRIDINE-3.,3-
DICARBOXYLATE ((S)-LERCANIDIPINE)
HYDROCHILORIDE(.5 H.,O

Thionyl chloride, 0.13 ml, was added, at =10° ", 10 4
stirred suspension of 0.54 g of (R)-1,4-dihydro-2,6-
dimethyl-4-(3-nitrophenyl)-5-methoxycarbonylpyridine-3-
carboxylic acid in 2.9 ml of anhydrous dichloromethane and
0.75 ml of anhydrous N,N-dimethylformamide under a
nitrogen atmosphere, and sheltered from the direct light.

After 1 hour at 0° C., a solution of 0.48 g of 2,N-dimethyi-
N-(3,3-diphenyl-propyl)-1-amino-2-propanol, (prepared as
described in U.S. Pat. No. 4,705,797), in 1 ml of
dichloromethane, cooled to =5 ° C., was added. After slirring
for 3 hours at 0° C. and standing overnight at 20-25° C., the
solvenl was evaporated in vacuo and the residue was dis-
solved in 20 ml of ethyl acetate. The organic phase was
washed sequentially, with brine (4 ml), 10% agueous sodium
carbonate solution (5x4 ml), brine (4 ml), 1 N hydrochloric
acid (5x5 ml), brine (4 ml), 10% aqueous sodium carbonate
solution {2x5 ml) and with brine (4 ml). The organic phase
was dried over anhydrous sodium sulfate and evaporaied (o
dryness in vacuo. The product was purified by flash chro-
matography on silica gel column eluting with petroleum
ether-acetone 85:15. The individual, pure, TLC fractions
(petroleum ether—acetone 7:3 by volume and
chloroform—5 N methanolic ammonia 99:1.1 by volume)
were combined and evaporated to provide a residue that was
dissolved in 75 ml of diethy! ether containing 3% of acetonc.
After filtration the solution was acidified with 3 N ethereal
hydrogen chloride and the precipuate was collected by
suction filtration and dried at 78° C.,15 mmHg to provide
0.06 g of the title compound.

M.P. 115-125° C; [0],**=+70.56° (MeOH; ¢=0.981)

Elemental analysis % for C.,H,;N;O,*HCI*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, 539, H.,0, 1 37

'H-NMR Spectrum of the base at 200 MHz (CDCl,, 8):
8.10 (m, 1H) nitrophenyl, CH in 2
7.97 (m, 1H) nitrophenyl, CH in 4
7.62 (m, LH) nitrophenyl, CH in 6
7.33 (dd, 1H) nitrophenyl, CH in 35
7.29-7.10 (m, 10H) H benzhydryl aromatics
5.79 (bs, 1H) pyridine, NH
5.05 (s. TH) pyridine, CH in 4
3.92 (t, IH) benzhydryl, CH
3.63 (s, 3H) COOCII,
2.57 (m, 2H) OC(CH;),CH.N
2.40-2 23 (m, 2H) N(CH,)CH..CH.
2.33:2.27 (2s, 6H) pyridine, Cl1; in pos. 2 and 6
2.19-2.09 (m, 2H) N(CH,)CH,CH.
2.17 (s, 3H) NCH,
1.3571.31 (2s 6H) OC(CH,).CH.N

Example 2
(R)-(-)YMETHYL 1,1-N-TRIMETHYL-N-(3,3-
DIPHENYLPROPYL)-2-AMINOETHYL 1,4-DIHYDRO-
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2.6-DIMETHYL-4-(3-NITROPHENYL)PYRIDINE-3,5-
DICARBOXYI AL ((R)-1LLRCANIDIPINE)
HYDROCHLORIDEH.O

The title compound was obtained by the method described
10 Example | for the (S)-enantiomer, starting with (8)-1,4-
dihvdro-2.6-dimecthyl-4-(3-nitrophenyl)-5-
methoxy carbonylpyriding-3-carboxylic acid.

A 115-120° ¢, [a]p>*==70 88° (MeOH, ¢=0.975).

Llemental analysis ‘4 for C3 1, N3O #HCIH,0O Found:
C, 6493, H. 6.62: N, 6.24; Cl, 5.41; H,O, 2.50 Calc.: C,
n4 w0, H, o o4, N, 0 31, Cl, 5 32; H.O, 270

The "H-NMR spectrum of the base in CDCl; was iden-
tical to the "H-NMR spectrum tor the (S)-enantiomer from
LExample 1

Lxample 3

METHYL 1,1-N-TRIMETHYL-N-(3,3-
DIPHILNY1 PROPYI1.)-:2-AMINOETHYI. 1,4-DIHYDRO-
2,6-DIMETHYL-4-(3-NITROPHENYL) PYRIDINE-3,5-
DICARBOXYLAI'L (LLRCANIDIPINE)
HYDROCHLORIDE

Thionvl chlonde, 458 ¢ (0385 mole), was added drop-
wise vver |5 niputes nto a stirred mixture comprising 11
6 2 (0 3~ mole) of 2.6-dimethyl-5-methoxycarbonyl-4-(3-
nitrophenyl)-1.4-dibyvdropyndine-3-carboaylic acid (3)
(prepared s described 1 German patent DE 2.8347,237), 645
mb of anhy drous dichloromethane and 150 mb of anhydrous
dimethvliormamide, mamntained under a nitrogen atmo-
sphere at o temperature of =4 0 +1° € The mixture was
stirred and mamntained at this temperature for 1 hour. This

was followed by dropwise addition of 104 1 g (0 35 mole) -

of 2.N-dimethyl-N-(3,3-diphenyl-propyl)-1-amino-2-
propuanol (4) (prepared as described 1n U.S. Pat, No. 4,705,
797). dissolved m 105 mL of anhydrous dichloromethane,
over 15 minutes at a temperature of =10 to 0° C After
sturing for 3 hours at 0° C. and standing overmght at room
temperature, the solvent was evaporated under vacuum and
the residuc dissolved 1 3500 mL of ’C‘_l_h__VIV&CCldlD ‘The
arganie solution was washed sequentially with: brine (700
mb ). L0 aqueous sudium carbondte solution (5x700 mL),
brine (700 mL). 1 N hvdrochloric acid (5x700 mL) and
anwly witn bune (700 mL). The organic layer was dried
over anhydrous sodium sulphate for 30 minutes, filtered,
shahen with 23 g ot charcoal and filiered again The solution
volume was first reduced to about 1 liter by evapgration
under vacuum, and the product allowed to erystallize} After
standing 24 hours ut 0 o 5° C,, the crystalline product was
eollected by vacuum filtration and recrystallized from
ETOH 99 1o povide 179.5 g (78% vield) of the title
compound MP 180-188° C

Example 4A

LITECTS ONARILRIAL MYOCY I'LL PROLIFERATION

Anmmal models of vascular injury have shown that an
artertal fesion 1« followed by prolhiferanion of medial
mywevies, many of which migrate into the intima and further
proliferdate 1o form a neomtmal lesion. The causes of these
cvenls are not completely understood. Recent findings have
concluded that myocytes make up approximately 90-95% ot
the cellular population of the atherosclerotic lesion in young
aduls and compose an average of 50% of the advanced
atherosclerote plaque. In addition, vascular myocytes con-
ribute 1o lesion formation and growth by synthesis of an
eattacellular matrix or they can accumulate lipids and
become foam cells

Thus. the cluaidation of the factors attecting these phe-
nomena affords new entry points for selective interference
Tud inhibiton of the process of atherogenesis (R W, Wissler
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et al:, Am. J. Med. 91: (81 B), 38 (1991); S. M. Schwartz et
al., Circ. Res. 58: 427 (1986); A. W, Cloves et al.,J Cardiov
Pharmacol. 14: 512 (1989); R. W. Wissler et al.,, Ann. Y
Acad. Sci. 598: 418 (1990).

Migration of myocytes was investigated for the prescnt
invention using rat aortic smooth muscle cells in the pres-
ence of fibrinogen as chemotactic factor, whereas for studies
on their proliferation rat and human cells were used. Cell
count and [31{}-thymidine incorporation were used 10 evalu-
ate 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 aimo-
sphere of 5% CO, in Eagle’s minimum essential medium
supplemented with 10% (v'v) fetal calf serum, 100 U ml
penicillin, 0.1 mg/ml streptomyetn, 20 mM tricine butfer and
1% (vi/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
trypan blue cxclusion. Myocytes were identificd for growth
behavior, morphology and using monoclonal antibody spe-
cific for a-actin, the actin isoform typical of myocytes
Human vascular myocytes (A 017 from human femoral
arterv) kindly provided by Prof. G. Gabbiani of The General
Pathology Institute (Geneva University—Switzerland) were
grown in the same culture conditions (These or other human
vascular myocytes can be obtained and cultured as described
by Corsini et al., Atherosclerosis, 101: 117-123, (1993
Corsni et al., Pharm Res, 23 173 (1991); Ross, R..J. Cell
Bio., 50: 172, (1971); and Skalli, 0. et al., J. Cell Bio., 103
2787 (1986))

Cells were seeded at various denstties for rat (2x10°) and
human (5 10x10%) myocytes’petri dish (35 mm), and incu-
bated with Lagle’s mimmum essential medium supple-
mented with 10% fetal calf serum. Twenty-four hours later
the medium was changed 1o one containing 0.4 fetal calf
serum to stop cell growth, and the cultures 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 1,4-ihydropyndine
compounds being tested (shown in Table 1). The incubation
was continued for an additional 72 hours at 37° € Jusl
before the addition of the test substances, an aliquot from
each petri dish was used {or cell counting. Cell prohferation
was evaluated by cell count after trypsinization of the

5 mounolayers using a Coulter Counter model ZM. Cell viabil-

ity was assessed by trypan blue exclusion, and found to be
greater than 95% at the drug concentrations used.

TABLE 1

MYOCYTES GROWTH INHIBITION MEASURED BY CELL COUNT

Myocytes LE (R)-LE (S)-LE NI LA
flom ICwM)  IC,,ueM) IC MY T, (M) TC, e MVD
SD Rat 312 307 333 38R 23a
SHR Rat 14 1 92 1o 8 nt [
WK Rl 1o 4 183 2u7 n.i. Lt
Human 25.3 nt nt nt nt

LE = Lercamdipine

NT = Nicardipine

1 A = Taadipine

[Csq = concentration required to inhibit cell growth by 50%
SD = Sprague Dawley

SHR = Spontaneously Hypertensive

WK = Wistar Kyoto

nt = not tested

The data from Table 1 show that compounds of the
invention, particularly, racemic lercanidipine and its
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resolved enantiomers inhibited the rat and human myocyte
prohiferation in 4 concentration-dependent manner and
showed practically the same activity as the reference 1,4-
Jihvdiopydines tested (NT and LA)

It wus found that lercamicipine (and 1its enantiomers)
proved actn e on the cells from all the species investigated,
n [,)xl[[lg Wi, OUnidns,

Lyample 4B
LFFECTS ON ARTERIAL MYOCYTE PROLIFERATION

In anuther experiment, synchronization of myocyles to
the G . G, interphase of the cell cycle was accomplished by
incubating logarithmically growing cultures (3x10° cells/
plate) for Y0—120 hours 1 a medium containing 0.4% fetal
calf serum Quiescent cells were incubated for 20 hours in
a fresh medium with 104 {etal calf serum 1n the presence of
the tested drugs. Cell proliferation was then estimated by
nuclear meorporation of [FHthymidine, incubated wath cells
(1 «Cr ml medium) for 2 hours Radioactivity was measured
with lter-Count samntilation cochtail (AQUASOL.® Scin-
tllation cocktail available from Packard-Groningen,
Netberlands)

Ihe results, expressed as cell proliferation (as % of
contrel) agamst amount of the compound of the invention
(Lercamdipine and its enantiomers) tested, are shown in
FIG 1 The decrcase in [PH]-thymidine uptake of myocytes
conlirmed the high potency of the compounds of the inven-
tion in inhibiung cell proliferation.

Example 5
LITLOCTS ON ARTERIAT MYOCYTLE MIGRATION

Migraton of rat myocytes was examined using a 48-well
micre chemotaxis chamber (Neuro-Probe, USA) Freshly
LTy psiniized myoceytes prepared according to the procedure in
Fxample 4\ were suspended in a medium supplemented
with 3 fetal call serum (assay medium) Lhe lower wells,
contaning 27 «l of the assay medium that included fibrino-
gen (000 ¢y ml) as chemolactic agent, were covered with a
polyvvinylpyvrrolidone-free polycarbonate filter (8 uM pore
size) Lty gl of the cell suspension (1x10° cells'ml) were
placed 1n the upper compartment with the tested compounds.
[neubation was carnied out for 3 hours at 37° C. in an
atmosphere of 95% air and 5% CO,.

Aficr incubauon the filter was removed from the chamber
and non-migrated cells were scraped from the upper surface,
and the filters washed w ith phosphate butfered salinc three
times. The flters were stained with Diff-Quik (Merz-Dade
AG, Switzerland) The number of myocytes per 100xhigh
power fleld that had migrated to the lower surface of the
flters was datermined microscopically. Six high power
tields were counted per sample and the results were aver-
dged

The results, expressed as migration of cells (as % of
controly agunst amount of the compound of the invention
{Lercamdipine and s enantiomers) tested, are shown in
FIG 2 These data demonstrate the ability of lercanidipine,
and (s enanuomers to mtertere with the migration of arterial
myuevtes All the tested compounds were able to inhibit
myocvics mugraton mn a dosc-dependent manner with the
(R)-cnunnomer showing the most pronounced effect.

kxample 6A
LFFECTS ON CHOLESTEROL METABOLISM IN
MOUSL PLRITONLAL MACROPHAGLS
Atherumas contain rwo main cell types, macrophages and
smooth muscle eells (R Ross, Narure 362 8§01 (1993)).
Macrophages are denved from circulating monocytes and
are the man hipid-loaded cells 1n the lesions. The mecha-
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nism by which they accumulate lipoprotein cholesterol and
develop into foam cells depends mainly upon receplor-
mediated processes, mvolving the so called “scavenger
receptor” that recognizes chemically and biologically modi-
fied LDL, such as acetyl LDL (AcLLDL) and oxidized LDL
(Y. Kurihara et al., Curr. Opin. Lipidol 2: 295 (1991)). The
scavenger receptor, unlike the DL receptor, is not subject
to feed-back regulation and the result is a massive accumu-
lation of cholesterol in foam 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
cytoplasm (M S. Brown et al., J. Biol. Chem. 255 9344
(1980)). Only free cholesterol, i.c, unesterificd cholesterol
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
trom mice (Balb/c Charles River, Calco, Italy) three days
after intraperitoneal injection of thioglycolate. Cells (2x3x
10°) were plated in 35 mm wells with Dulbecco’s minimum
essential medium containing 10% fetal bovine serum. After
3 hours, the dishes werc washed to climinate unattached
cells and maintained in Dulbecco’s minimum essential
medium plus 10% fetal bovine serum for 24 hours before
use. After cell plating, experiments were performed at 37° C.
in serum frec Dulbecco’s minimum essential medium con-
taining 0.2% essentially fatty acid-free bovine scrum
albumin, AcLDL, a specific ACAT inhibitor, S-58035 (Sece
C A Ross et al, J. Biol, Chem. 259: 815-819 (19%4)), and
lercanidipine, or the lercanidipine enantiomers indicated.
Human [.DI. (d=1.019-1 063 g/ml) were 1solated from
plasma of healthy volunteers by sequential ultracentrifuga-
tion (Beckman 1.5-50, Pulo Alto, Calil'). Tor ucetylation,
LDL were dialyzed against 0. 15 M NaCl, pH 7.4, diluted
with an ecqual volume of saturated sodium acetate and
treated with acetic anhydride. For [***1]JAcLDL, lipopro-
teins were labelled with sodium [***Ifiodide desalted by gel
filtration on Sephadex G-25 eluted with phosphate buffered
saline. Specific activity was 100-200 cpm’ng of protein
Trichloroacetic acid non-precipitable radioactivity was
below 2% of total. All lipoproteins were sterile filtered. The
cells were incubated for 24 hours with the tested com-
pounds. After substitution of the medium with fresh
solution, incubation was continued for additional 24 hours
During this second incubation [***I]JAcLDL was added (50
ug-ml). Cholesterol esterification was measured after addi-
tion of [1-**C] oleic acid (0.68 mCi sample) complexed with
bovine secrum albumin during the last 1 or 2 hours of
incubation by subsequent determination of radioactivity
associated with cellular cholesteryl csters.

The results, expressed as level of inhibition (as % of
control) against amount of the compound of the invention
(Lercanidipine and its enantiomers) tested, are shown in
FIG. 3. The compounds of the invention, particularly, ler-
canidipine and its enantiomers inhibited, in a concentration
dependent manner, up to 90% of the formation of esterified
cholesterol (in other words the compounds of the mvention
mhibited the esterifying effect of enzvme ACAT) induced by
Acl. DL in mouse peritoneal macrophage. The IC, values
for lercanidipine and the enantiomers ranged from & 1o 15
1M, as shown 1n FI1G. 3. The (R)-enantiomer was the most
potent compound.

Lxample 6B
EFFECTS ON CHOLESTEROL METABOLISM I[N
MOUSE PERITONEAL MACROPHAGES
Another set of experiments was performed to evaluate the
effect of lercanidipine on cholesterol esterification 1n mac-
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rophages loaded with cholesterol ester before the addition of
the vompounds of the invention, this condition being the
same as 1 toam cells

Cclls, prepared according to the procedure in Example
6A. are loaded with cholesteryl esters by exposure for 24
hows to a medium containing 50 ug'ml acetyl LDI.. ACAT
mhibiion was then determined as in Lxample 6A.

The results. expressed as level of inhibition (as % of
control) agamst amount of the compound of the mvention
(Lercanidipine and its enantiomers) tested, are shown in
TG 4. The compounds of the invention, partcularly, ler-
canuhipine und 118 enanhomers mnhibated, in a concentration
Jependent manner, up to 707 of the formation of esterified
cholesterol nduced by AcLDL 1 mouse peritoneal mac-
rophage The 1C.- value for the (R)-enantiomer was about 7
oM. The (R)-enuntiomer of lercunidipine was slightly more
potent than the racemate and (S)-lercanidipine was the least
polent among the compounds tested.

Example 7
CHOLESTERYL ESTER HYDROLYSIS

It was shown that lercanidipine and its enantiomers at a S
#M concentration did not impair the capability of the
macrophages to hydrolyze the esterified cholesterol stored in
the eytoplasm. These experiments were performed by incu-
banng cells preloaded wath [*H]cholesterol in the presence
of the specitic ACAT inhibitor S-58035. The blockage of
mtracellular reesteriication of cholesterol allowed the
assessment of the ability of cells to hvdrolyze the accumu-
latedt cholesterol esters.

For studies involving the quantitation of the hydrolysis of
cholestery] esters 1n ey toplasmic lipid droplets, cells, pre-
pared according to the procedure in Example 6A, are loaded
with cholesteryl esters by exposure for 24 hours to the
medium containing 50 wg'ml acetyl LDL. [1,2-2H]
Cholesterol 1s included mn all loading med:a at a concentra-
tion of 0.5 uCi'ml. After 24 hours loading period, during
which ime the radiolabeled cholesterol is incorporated and
esterified, the cell monolayers are washed and incubated an
addional 24 hours 1in medium containing 0 1% bovine
serum albumin to allow the intracellular pools of labelled
cholesterol to equilibrate 1o the same specific activity. To
quantitate cnolesteryl ester hvdrolysis, the loaded cells are
mcubated tor up o 24 hours in Dulbecco’s minimum
essential medium contaning, 0.1% bovine serum albumin,
lercanichpines, and the compound S-58035, an inhibitor of
acyl coensyme A-cholesterol acyliransierase. The inhibition
of acsl-cnenzime A-cholesterol acyltransferase prevents the
reesteriticanon of any free cholesterol generated by choles-
tervl ester hvdrolysis and thus allows assessment of the
activity of the hydrolase, The hydrolysis of the cholesteryl
esters is quantitied by determining the decrease of radiola-
beled cholesteryl esters (L. H. Harrison ¢t al., J. Lipid. Res.
31. 2187 were washed with phosphate buffered saline and
endtacted with hexaneasopropanol (3:2 vyv)., The media
were extracted with chloroform:methanol (2:1 v/v). After
selvent removal, (ree and esterified cholesterol were sepa-
rated by TLC (1sooctane:diethyl ether:acetic acid, 75:25:2
by volume) Chelesierol mass or radioactivity of the spots
were Jetermmed by an enzvmatic method (Boehringer
Mannhenn, Gonmany) (F Bernin et al , Atherosclerosis 104
1Y (19¥3)) or by Lquid scinullation counting (Lipoluma
Lumac, Landgraf, The Netherlands) respectively.

Ihe results are given 1in lable 2. lThese data show that the
addition of lercanidipine and its enantiomers did not influ-
cnce the ecllular hydrolyue activity, documented by the
values of radivactivity 1n the esterified cholesterol fraction.
The compounds ot the inventon do not impair the capability
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of the macrophages to hydrolyze the esterified cholesterol
stored 1n the cytoplasm.

TABLE 2

EFFECT OF LERCANIDIPINE AND ITS ENANTIOMERS ON
CHOLESTERYL ESTER HYDROLYSIS IN MACROPHAGES

% of cholesteryl ester

AcLDL 50 ug/ml 31:x0638
ACLDL 50 pg/mi + S-58035 1 pg/ml 1508
AcLDL 50 ug/ml + S-58035 1 ug'ml + 12=12
5 x 107°M LE*

AcLDL 50 ggml + S-88035 1 g ml + 14204
5 x 107°M (S)-LE*

AcLDL 50 ug/ml + $-58035 1 ug'ml + 1621

5 x 107°M (R)-LE>

*LE = lercanidipine

Example 8
EFFECTS OF LERCANIDIPINE ON CHEMICAL OXI-
DATION OF LDL

Expcrimental reports ascribe a key role for the oxidative
modification of LDL in the early stages of atherosclerosis in
humans. These reports suggest that LDL undergocs oxida-
tive modifications in vivo (D. Steinberg et al., N. Eng. J.
Med. 320: 915 (1989); D. Steinberg ct al., JAMA 264, 3047
(1990); D. Steinberg, Circulation 84: 1420 (1991); S. Yla-
Herttuala, Ann. Med. 23: 561 (1991); U. P. Steinbrecher,
Curr. Opin. Liprdol. 1: 411 (1990); J. L. Witztum, Lancer
344: 793 (1994)) and that oxidatively modified LDL (OX-
LDL) may induce atherogenesis by a number of
mechanisms, including its enhanced uptake in tissue maec-
rophages (via the scavenger receptor pathway) which leads
to lipid accumulation, and chemotactic activity for
monocytes, and cytotoxicity to arterial wall endothelial cells
(S. Parthasarathy et al., Prog. Lipid. Res. 31: 127 (1992).

The ability of Lercanidipine to function as an antioxidant
was evaluated by incubating LDL, isolated from human
plasma, for 22 hours with an oxidizing agent (20 «M Cu++)
in the presence of different concentrations of the test com-
pounds (0.01 24M-50 ¢M). The [.DI. oxidation was followed
by monitoring conjugated diene formation wath a ultraviolet
(UV) spectrometer at 234 nm.

The 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 1n
a 50 Ti rotor, using a L.5-50 ultracentrifuge (Beckman. Palo
Alto, Calif.). The LDL were then dialyzed agamst 0.15 M
NaCl containing 0.01% ethylenediaminetetraacetic acid pH
7.4, stenlized by filtration through a 0.2 M mllipore filter
and stored at 4° C. under nitrogen in the dark until use (up
to 3 weeks). Before use, LDL were dialyzed against ethyl-
enediaminetetraacetic acid free phosphate buffered saline,
pH 7 4, on Sephadex G-25 columns (PD-10, Pharmucia | ine
Chemicals, Uppsala, Sweden). Then the LDL were filtered
through a sterile 0.22 y#M filter In a phosphate buffered
saline (50 ug lipoprotein protein/ml), the LDL were oxidized
by incubauion at 25° C. with 20 uM CuSO, tor 3 hours The
lercanidipine solution was prepared as a 107~ M siock
solution in methanol or cthanol and added as a methanol or
ethanol solution (maximum 1% v/v) prior to addition of the
copper solution The effect of lercanidipine on the oxidation
of LDL was determined by continuous monitoring of the
formation of conjugated dienes by recording the increase in
the absorbance at 234 nm at 5 min intcrvals during a threc
hour period, against a phosphate buffered saline blank, using
a UV spectrophotometer (Beckman DU 640) ecquipped with
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a continuous reading and an automatic 6-cell changer. The
ume prior 1o the onset of oxidation (lag time) was calculated
as the ntervept berween the line of the maximum slope of
the propagation phase and the x-axis The results are shown
i lable 3

TABLE 3

I FRLC L OF FERCANIDIPINE ON T'HL T AG IME
OF 1.DI OXIDATION

Lercandipine oM Lag ume
DRy 465246
03 45237
1.6 49.8 = 4.7
25 536 x 33"
Ny 732 £ 4.8
10.0 1127 £ 5.2
P03
,P < T

As shown in Table 3, lercanidipine, at a concentration of
10 1M clearly increased the lag time for LD oxidation, the
ume required before oxidation begins, more than 2 times.
The Jdata show that the effect of the racemate was
conventration-dependent, with concentrations greater than
or equal o 25 (M signiticantly suppressing the onset of
LDL oxidation. The acuvity of the resolved enantiomers was
comparable 0 that of the racemate.

Example 9A
CYTLCTS OF T.LRCANIDIPINLE ON CELI-MEDIATED
OXIDATTON

The anuoxidant capacity of the compounds of the
mvention, on cell-mediated oxidation, was evaluated by
incubating [ DI and mouse monocyte-macrophage cells
(AI'CC TIB 67 J774A.1) with CuSO, solution in the pres-
ence of apolipoprotein B (Apo B), lercanidipine or one of its
enantiomers al several concentrations. The inhibition of
formation of aldehvdic breakdown products, i.e., secondary
metabolites of lipid peroxidation, malonic dialdehyde
{MDA), was assessed by detection of dialdehyde formation
using  the thiobarbiturie acid assay (A. N Hanna et al,
Biochem. Pharmacol. 45: 753 (1993)).

Ihe antioxadant capacity was evaluated by incubating
ethylenc-diaminetciraacetic acid free-1LDL under sterile con-
ditions with 5 «M Cu++ (100 ug Apo B'ml) in the presence
of J774A.1 cells Oxidation was stopped after 22 hours
incubauon by addition of butvlated hydroxytoluene to the
medium (final concentration 40 uM) dissolved in ethanol. To
the incubated sample (0 250 ml), was added trichloroacetic
acid (0 750 ml, 0.20¢¢ wv) followed by of thiobarbituric
acid (0750 ml, 067% wv). The samples were heated at
100° €. tor 20 min, tollowed by cooling and centrifugation.
Malonic Jdialdehyde cquivalents were calculated using 1,1,
3 retrancthoxy propane as the standard.

The resulis, expressed as nanomoles of MDA produced
dyant anount of the compound ot the invention
(Lercamdipine and its ¢nantiomers) tested, are shown in
Pl & The rosulis show that lercanidipine and its cnanti-
omers were effective 1n reducing LDL oxadation.

Example 9B
EFFECTS OF LERCANIDIPINE ON CELL-MEDIATED
OXIDAITON
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Prof. A. Catapano, Pharmacology Dept., Universita
Statule—Milano.) (These or other endothelial cells can be
obtained as described by C-J. S. Edgall et al., Proc. Nat.
AcAd. Sci,, 80: 3734-3737, (1983); and Gimbrone, M,
Prog. Hemostasis Thromb., 3: 1-28, (1976)). The cells were
treated with lercanidipine at a concentration of from about
10 to about 100 M.

The results, expressed as nanomoles of MDA produced
against amount of [ercanidipine, are shown in FIG. 6 'The
results show that lercanidipine reduced the oxidation of LDL
at a concentration of 10 to 100 «M

Example 9C
EFFECTS OFF LERCANIDIPINE ON CELI -MEDIATED
OXIDATION

In experiments 9A and 9B, the cell-mediated oxidation
cffects of lercanidipine were investigated after incubation
for 22 hours. In order to investigate the lower potency shown
by lercanidipine in these conditions, the extent of lipid
peroxidation in its presence was studied over time. A reac-
nion mixture was prepared according to the procedure n
Example 9A, using lercanidipine at a concentration of 30
HM. Samples were withdrawn from the incubation medum
and the oxidation product, MDA, measured as described
above.

The results, expressed as nanomoles of MDA produced
against time are shown in FIG. 7. It can be seen that at a
concentration of 30 M, lercamdipine exerted a very high
inhibition of lipid oxidation after 10 hours incubation. This
shows that lercanidipine, administered at an appropriate
time is as effective on cell mediated LDL oxidation as it 1s
on Cu++-mediated oxidation.

Lercanidipine proved the most potent 1,4-
dihvdropyridine tested in the assays herein, its potency
being one order of magnitude higher than that of lacidipine,

. the most potent of the 1,4-dihydropyridine compounds pre-

viously known to have this activity.

Example 10
EFFECTS ON BLOOD PRESSURE IN HYPERTENSIVE
DOGS

The antihypertensive effects of oral administration of
lercanidipine and its enantiomers were tested in renal hyper-
tensive dogs.

Male Beagle dogs weighing 12-13 kg, aging 1-3 yeuars
(Nossan Allevamenti, Italy) were used. Chronic sustained
hypertension was induced by bilateral renal arterv
constriction, according to the Goldblatt method “two-
kidney, two clip hypertension”. Under barbiturate anaesthe-
sia (35 mg/kg 1.v.), during two different surgical interven-
tions one month apart from each other, both renal arteries
were clipped with onginal renal silver clips and narrowed by
about 60-70%. After two months from the last intervention,
an experimental renal hypertension was produced and the
animals were suitable for the implantation of a catheter
Under sodium pentobarbital anaesthesia (35 mg kg 1v), 1n
sterile conditions, the dogs were catheterized by inserting an
mdwelling cannula (PL 200 Clay Adums) 1nto the ascending
aorta through the right common carotid artery. The catheter
was subcutancously cxteriorized at the back of the neck,
filled with heparinized saline solution and flushed daily to
prevent clotting. After a week recovery time trom surgen,
the animals were connected to a HP 1290A pressure trans-
ducer connected to an HP 8805B carrier amplifier of a
Hewlett Packard 1P 7700 multichannel polygraph, 1o moni-
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administered orally with a straight round aseptic tip catheter
(Pores Serlal—Lrance). I'he drugs were suspended in aque-
ous U 5% Methocel A4C plus Antifoam M10 (10%). The
amount administered was 1 ml’kg.

I'he suspending medicine was used as placebo. During §
experimental performance, the arterial blood pressure was
conunuously recorded 30 min. before (basal values) and up
to & howrs after drug administration.

Lercanidipine and (8)-lercanidipine induced a dose-
related decrease 1n arterial blood pressure. The ED,5 values 10
{dose nducing 25% deercase tn DBP at peak effect) were
evaluated by linear regression analysis and summarized in
the Table 4

TABLE 4 15

Coripound

ED-; (mgkg) 95 C.L.

Le carlapone 09 (0.5 + 1.6)
S o[« cantaipne J4(03+-07
R -Lercnmapine >>30 20

CL o= Corceare umns

Ihe (S)-Lervanidipine enantiomer exerted the most potent
antibiypertensive action This compound was two told more
efficacious at lowenng blood pressure than the racemate. 25
The (R)-cnantiomer did not atfect blood pressure up to 30
mg kg (<109 decrease in DBP).

Lxample 11A
HIGH TEMPERATURE STRESS STABILITY 10
Lercamdipine hyvdrochlornde hemihydrate, prepared -~
according to the procedure described in U.S. Pat. No.
$.705.797 was compared with anhydrous lercanidipine pre-
pared according to kxample 3, to determine the stress
stability of the compounds. The two samples, lercanidipine
hydrochlonde hemihydrate, and anhydrous lercanidipine ~
hydrochlonde were heated, in the light, at 100° C. for 48
hours  lhe sumples were tested at the following umes; 0
hours, 24 hours, and 48 hours The purity of the lercanid-
ipioe was cheeked by HPLC analysts under the tollowing
conditions
Column  m-Bondapak C-18 (Waters), particle size 10
mim. 300x39 mm id
Eluant ¢ HL.CN (01%) 0.15M NaClO, aqucous solution
at pH 3 (adjusted with HCLO)) (39%; viv) 45
Eluton socratie
Iow: 1.5 ml. min

40

lemp. 25° C.
Detector UV (240 nm)
< 5
Attenuauon: 0.05 AUFS 30
The results, expressed as assay % of the compound
present, based on an HPLC analysis, are shown in Table 5
below
- 55
TABIE 5§
Stress_Stability at 100° C,
Assav ‘¢ by HPLC
Camactand o 24 his 48 his 00
Anbodinus 99 74 99 36 99 01
Henmuhy sate 99 85 92.38 90 960

From Table 5, 1t can be scen that the anhydrous form of 65
lercamdipine hydrochloride exhibited superior stability over
the hydrated form

20
Example 11 B
WATER CONTENT AT 75% RELATTVE HUMIDITY

Samples of anhydrous lercanidipine hydrochloride and
lercanidipine hydrochloride hemihydrate were placed in
open polyethylene bags in flasks and heated, in the dark, at
60° C. and 75% rclative humidity. The samples were
checked for hygroscopicity by determination of the water
content using the Karl-Fisher method. The samples were
tested at 8 and 15 days.

Two additional samples of the anhydrous lercanidipine
hydrochloride and lercanidipine hydrochloride hemihydrate
were placed in open polyethylene bags in flasks and heated.
in the dark, at 40° C. and 75% relative humidity. The
samples were tested as described above at 8 and 15 days.
The results of these tests arc shown in Table 6.

TABLE 6

Water Content at 75% Relative Humidity

Water Content

0 davs 8 davs 15 davs
60° C Anhvdrous 0.28 038§ 077
Hemihydrate 142 4.00 403
40° C. Anhydrous 0.28 0.30 032
Hemihydrate 142 314 03

From Table 6, it can be seen that the anhydrous lercam-
dipine has a much lower tendency to absorb water than the
hemihydrate form. The lack of hygroscopicity is advanta-
geous because Ehe anhydrous compound will remain
unchanged. Thus, it will be easier to handle during the
preparation and dispensing of pharmaceutical formulations.

The invention has been described above by reference 1d
preferred embodiments but, as those skilled 1n the art will
appreciate, many additions, omissions and modifications are
possible all within the scope of the claims below

We claim:

1. A method for preparing anhydrous methyl 1.1,N-
trimethyl-N-(3,3-diphenylpropyl)-2-aminoethyl 1,4-
dihydro-2,6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-
dicarboxylate hydrochloride, which comprises

(a) rcacting 2,6-dimethyl-5S-methoxyvearbonyl-4-(3-
nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid
with a halogenating agent in an aprotic solvent 1o
produce 2,6-dimethyl-5-methoxycarbonyl-4-(3-
nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid
chloride;

(b) reacting said 2,6-dimethyl-3-methoxycarbonyl-4-(3-
nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid
chloride with 2,N-dimethyl-N-(3,3-diphenylpropyvl)-1-
amino-2-propanol in an aprotic solvent, PV

(¢) isolating the resultant hydrochloride compound; and

(d) recrystallizing said hydrochloride compound in two
successive steps, regardless of sequence, from a solu-
tion of said compound in;

1) an aprotic solvent; and
ii) a protic solvent;

thereby isolating methyl 1,1, N-trimcthyl-N-(3,3-
diphenylpropyl)-2-aminoethyl 1,4-dihydro-2.6-
dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate
as 1ts anhydrous hydrochloride.

2. The method according to claim 1, wherein with a

halogenating agcn;.,sglgcl%}:fm@.thqgow consisyng ot

thiony! chloride, phosphdrus Pentachloride, pgosphorus
trichloride, phosphorus oxychloride and oxalyl chloride.

= 4
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3 The method according to claim 1, wherein the aprotic
solvent for said step (a) 1s chlorolorm, dichloromethane,
dichloroethane. chlorobenzene. 1,1,1-trichloroethane, ethyl
acctate, mcthyl acetate, tetrahyvdrofuran, dioxanc,
dimethvlformamide, dimethylcarbonate or any mixture
thereot

4 Ihe method according to claim 1, wherein the aprotic
solvent tor said step (b) is a chlorinated or non-chlorinated
solvent sclected from the group consisting of chloroform,
dichloromethane, dichloroethane, chlorobenzene, 1,1,1-
trichlorocthanc, ethyl acetate, mecthyl acectate,
tetrahydrofuran, dioxane, N,N-dimethylformamide,
dimethylcarbonalte, toluenc, xylene, an (Cs—C-) alkane, a
(Cs—C-) cycloalkane and mixtures thereof.

5 The method according to ¢laim 1 wherein the recrys-
tallizanon of said compound 1n said aprotic solvent precedes
the reervstallization of said compound in said protic solvent.

v

22

6. A method according to claim 5§ wherein the aprotic
crystallization solvent 1s ethyl acetate. methyl ucetale or
acetone.

7. The method according to claim § whercin the protic
crystallization solvent is selected from the group consisting
of methanol, ethanol, n-propanol, i-propanol, n-butanol,
s-butanol, t-butanol and mixtures thereof, optionally 1n a
mixture with water.

8. The method of claim 3, wherein said aprotic solvent for
said halogenating step (a) is ethyl acetate.

9. The method according to claim 1, wherein the com-
pound methyl 1,1,N-trimethyl-N-(3,3-diphenylpropyl)-2-
aminoethyl 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyvl)-
pyridine-3,5-dicarboxylate hydrochloride has a two degree
melting point within the range of 185° C. to 190° C.
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(Véase cap. 37 sobre Absorcion, accion y destino de
las drogas).

Conociendo el efecto de particién y la constante de
disociacién se puede estimar el sitio de absorci6n de
una nueva entidad quimica. Presumiendo que en el
estémagoel pHes 1 a3 yenel intestinodelgado5 a8,
en la mayoria de los casos las drogas 4cidas (pK, 3) se
absorberan més pronto en el estémago y las més bési-
cas (pK, 8) lo hardn més pronto en el tracto intestinal,
pero existen excepciones porque algunas drogas tie-
nen bajos coeficientes de particién y/o se ionizan
mucho en toda la gama de pH fisiol6gicos, aunque
siempre despliegan una buena biodisponibilidad a pe-
sar de esto.

Polimorfismo

El polimorfo es una fase cristalina s6lida de un
compuesto dado que se debe 2 que pueden ocurrir por
lo menos dos ordenamientos distintos de Ias moléculas
del compuesto en el estado sélido. La molécula misma

puede ser de distinta forma en los polimorfos pero esto
no es necesario y, en efecto, ciertos cambios de forma
entrafian la formacion de moléculas distintas y, por
ende, no constituyen polimorfismo. A los isdmeros
geométricos o tautémeros, aunque sean interconverti-
bles y lo hagan en forma reversible, no se los puede
denominar polimorfos, si bien pueden comportarse de
manera confusamente similar.

Un criterio seguro para clasificar como polimdérfico
2 un sistema es el siguiente: dos polimorfos serdn de
estructura cristalina distinta pero idénticos en el estado
liquido o de vapor. Los isémeros dindmicos funden a
temperaturas distintas, lo mismo que los polimorfos,
pero los productos fundidos son de composicién dis-
tinta. Con el tiempo cada uno de estos productos
fundidos se convierte en una mezcla equilibrada de los
dos isémeros y sus composiciones son termodepen-
dientes. Es indudable que algunos casos publicados de
polimorfismo son isomerismos dindmicos porque los
dos se comportan de manera muy similar.

Polimorfismo es la capacidad de cualquier elemen-
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Fig. 76-4. Microfotografias del cambio de tamafio de los cristales en una suspensién de la forma I de una droga

experimental.

to 0 compuesto para cristalizar en mds de un sistema
cristalino, como sucede con el carbono, que en el
diamante cristaliza en el sistema ctbico y en el grafito
en el sistema hexagonal. En general, los distintos
polimorfos de un compuesto dado tienen una estructu-
ra y propiedades tan distintas como los cristales de dos
compuestos diferentes. Asi, la solubilidad, punto de
fusion, densidad, dureza, forma de los cristales, pro-
piedades dpticas y eléctricas, presion de vapor, estabi-
lidad, etc., varian segin la forma polimorfica. En
general, se tendria que poder obtener cristales de for-
mas distintas de una droga y modificar asf las propie-
dades de desempeno de ese compuesto. Para hacer
esto hay que conocer el comportamiento de los poli-
morfos. Se han publicado muchas resefias sobre el
tema del polimorfismo. Ademés en la bibliografia
aparecen muchas indicaciones de la importancia del
polimorfismo en productos farmacéuticos. Los tra-
bajos de Kuhnert-Brandstatter y col.. con esteroides,
barbitiirzcos y antthistaminicos representarian el estu-
dio mas intensivo que se ha hecho sobre polimorfismo
y drogas. En Inglaterra, Mesley y col., valiéndose de
la espectroscopia infrarroja, describieron el polimor-
fismo de esteroides, barbitdricos y sulfonamidas. Los
estudios de preformulacién suelen incluir rigurosos
trabajos para determinar la presencia de polimorfos en
drogas nuevas a las cuales se prepara para hacer inves-
tigaciones preliminares en animales de experimenta-

’J

cién. Entre los pardmetros que se investigan como
rutina figuran la cantidad de polimorfos que existen, el
grado relativo de estabilidad de los diversos polimor-
fos, la presencia de un estado vidrioso, la estabiliza-
cién de formas metaestables, las gamas de estabilidad
térmica de cada polimorfo, solubilidades, método de
preparacion de cada forma, efecto de la micronizacién
o tableteado e interaccion con los componentes de la
formulacién.

El cometido inicial del preformulador es determinar
si la droga que estd evaluando existe en mds de una
forma cristalina. Por lo general para producir la crista-
lizacién de una forma metaestable se siguen los si-
guientes procedimientos:’

a) Findase por completo una pequefia cantidad del com-
puesto en un portacbjeto y obsérvese la solidificacion entre
polares cruzados. Si luego de la congelacion espontinea se
produce una transformacion espontanea o si se puede inducir
ésta mediante sembrado o raspado, cs probable que existan
por lo menos dos formas polimérficas del compuesto Es
esencial prevenir la nucleacion de la forma estable inducien-
do un superenfriamiento. El superenfriamiento puede indu-
cirse COn una muestra pequena, mantentendo el trozo fundido
unos 30 segundos unos 10° por encima del punto de fusion,
dejando cuidadosamente el compuesto de lado sin sacudidas
fisicas antes de observarlo y mediante enfnamiento raptdo
del compuesto.

b) Caliéntese una muestra del compuesto sobre una placa



del compuesto. Afslese el sélido suspendido. Témese la
precaucion de mantener la temperatura mientras s realiza
este paso. Ensdyese el material aislado con una muestra
original utilizando el procedimiento que se delinea en c).
e) Recristalicese el conpuesto a partir de la solucién
mediante enfriamiento ripido y obsérvese una porcién del
material precipitado suspendido en una gota del liquido ma-
dre. Luego se puede sembrar la gota con el compuesto
onginal para verificar la transformacién de fase de la solu-
cién. Si el precipitado es un polimorfo distinio, tiene que
tener lugar una transformacién de fase en la solucidn.

Una vez que se ha establecido que ocurre polimor-
fismo, existen procedimientos con los cuales el pre-
formulador puede preparar las diversas formas en can-
tidades mas grandes para su evaluacién adicional y
adecuarlas para incorporar en foriflas posolégicas.

Habiéndose comprobado que un compuesto existe
en mds de una forma cristalina, existen varias técnicas
para identificar sus distintas fases polimérficas. Cada
una de estas técnicas podria servir para identificar la
fase, pero adoptando una combinacién de métodos se
puede aislar e identificar cada modificacién cristalina.
A los efectos de confirmar la presencia de més de una

PREFORMULACION 1915

forma cristalina de un compuesto, conviene identifi-
car las modificaciones con ms de un método porque a
veces si se usa un solo método para confirmar los
polimorfismos pueden ocurrir equivocos.

Microscopla. Para identificar polimorfos s usa la crista-
lografia 6ptica. En su resefia sobre cristalografia, Biles co-
menta esta aplicacidn. Los cristales existen en formas isotrd-
picas y anisotr6picas. En presencia de cristales isotrGpicos la
velocidad de la luz es la misma en todas direcciones, en tanto
que los cristales anisotrdpicos tienen dos o tres velocidades
luminosas o fndices de refraccién. Este método requicre los
servicios de un cristalégrafo avezado.

Meétodos de etapa caliente. El microscopio polarizante
dotado de una platina caliente o frfa es muy qtil para investi-
gar polimorfos. El microscopista experimentado sabe en
seguida si existen polimorfos, el grado de estabilidad de las
formas metaestables, las temperaturas de transicién y los
puntos de fusitn, los indices de transicién en diversas condi-
ciones térmicas y fisicas y si se debe aprovechar el polimor-
fismo como recurso para mejorar una forma posolégica.
Kodlers y MCrone hacen un comentario detallado de estos
métodos.

Difeaccién de rayos X en polvos. Los materiales cristali-
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nos pulverizados producen imdgenes de difraccién de rayos
X caracteristicas que consisten en picos en determinadas
posiciones y de intensidades variables. Cada trazado del
reticulo cristalino es caracteristica de un determinado poli-
morto. Este método tiene la ventaja, sobre otras técnicas de
identificacién, en que se examina la muestra tal como se
presenta. Hay que poner cierto cuidado para reducir y mante-
ner el control del tamafio de las particulas. Se requiere una
muestra muy pequena y el método no es destructivo. Varios
investigadores han hecho difracci6n de rayos X para identifi-
car polimorfos en productos farmacéuticos.

Espectroscopia infrarroja. Este procedimiento es itil
para identificar polimorfos. Deben usarse muestras solidas
porque los polimorfos de un compuesto tienen espectros
idénticos cuando estan en solucién. lLa técnica se puede
emplear para hacer identificaciones cualitativas y cuantita-
tvas.

Meétodos térmicos, La calorimetria de rastreo diferencial
y el anilisis térmico diferencial se han usado extensamente
para identificar polimorfos En ambos métodos la pérdida o
ganancia caldrica debida a los cambios fisicos o quimicos
que ocurren en una muestra, se registra en funcion de la
temperatura al calentar la sustancia a un ritmo uniforme. Las
transiciones de fase producen cambios entalpicos endotérmi-
cos y exotérmicos. Por ejemplo. la fusién. sublimacién,
transicién sdlido-sélido y la pérdida de agua suelen producir
cfectos endotérmicos, en tanto que la cristalizacion produce
ctectos exotermicos. ki analists iérmico permite calcular los
pardmetros termodindmicos para los sistemas que se eva-
léan. Guillory obtuvo el calor de fusion del sulfatiazol y de la
metilprednisolona. Ravin y col. utilizaron [a calornimetria de
rastreo diferencial para seguir el indice de conversion de los
polimorfos del sulfatiazol.

Dilatometria. La dilatometria mide ¢l cambio de volumen
causado por efectos térmicos o quimicos. Ravin e Higuchi*
emplearon dilatometria para seguir el comportamiento de
fusion del aceite de cacao midiendo el volumen especifico de
este aceite enfnado rdptdamente y con lentitud en funcion del
aumento de la temperatura. La presencia de una forma me-
tacstable se manifestd por una contraccién en la gama térmi-
cade 20 a 24° (fig. 76-7). La dilatometria es de gran exacti-
tud, pero es muy tediosa e insume mucho tiempo. No se la
usa mucho

Para estudiar el polimortismo se usa a veces la
resonancia magnética polar, la resonancia magnética
nuclear y la microscopia electrénica.

PREPARADO FARMACEUTICO Y SU ELABORACION

Los polimorfos pueden clasificarse en dos tipos: 1)
enantiotrdpicos, en que una forma polimorfica puede
convertirse de manera reversible en [a otra modifican-
do la temperatura o la presién, como el azufre, y 2)
monotrépica, en que una forma polimorfica es inesta-
ble a todas las temperaturas y presiones, como los
estearatos de glicerilo. A una temperatura y presion
dadas s6lo una forma polimdrfica es termodindmica-
mente estable, pero pueden existir otras formas me-
taestables en las mismas condiciones. Estas formas
metaestables habran de pasar a las formas de reticulo
estable con el correr del tiempo. La primera indicacién
de la importancia de una transformacién polimdérfica
en un sistema farmacéutico se notd con la novobioci-
na. La droga amorfa se absorbia bien, pero al formu-
larla en suspensién ocurria una reversién de la forma
metaestable a otra cristalina mds estable, de modo que
se absorbia mal.

Habiéndose determinado que una droga cxiste en
més de una forma cristalina, se deben establecer las
condiciones en que se puede producir cada una de
cllas. De este modo se pueden mantener las condicio-
nes de cristalizacion apropiadas de lote en lote para
asegurar una materia prima uniforme y aceptable. El
disolvente de la recristalizacién, la velocidad de cris-
talizacién y otros factores pueden hacer que predomi-
ne una forma de cristal. En esta investigacion prelimi-
nar, para establecer estas condiciones hay que monito-
rear las formas preparadas. Por ejemplo, durante los
trabajos preliminares con un derivado del indol se hizo
calorimetria de rastreo diferencial, analisis con rayos
Xy andlisis infrarrojo para establecer la presencia de
polimorfos y que se los podria preparar satisfactoria-
mente. En [as figuras 76-8 a 76-10 aparecen los datos
respectivos para llegar a esta conclusion. Cuando se
demuestra que hay polimorfos se deben preparar expe-
rimentos para determinar si las propiedades difieren o
no lo suficiente como para alterar su comportamiento
farmacéutico o biolégico.

Al principio se pueden hacer pruebas de disolucién
para detectar diferencias en las solubilidades de equili-
brio aparentes, siempre que se utilice un sistema de

13 Fig. 76-8. Termogramas para las formas I,
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Fecha de Presentacion Internal. 05-08-2002

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comisién de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcién: Folios 182-200, 201-278 y 296 como se radicé inicialmente
Reivindicaciones: Folios 279-296 como se radico inicialmente
Prioridad: Folio 1 ITALIA, MI2001A001726, 06-08-2001

2. Objeto de la invencion

Titulo de la solicitud: NUEVAS FORMAS POLIMORFICAS CRISTALINAS DE
CLORHIDRATO DE LERCANIDIPINA'Y PROCESO PARA SU PREPARACION (folio 1)

El problema técnico planteado en esta solicitud esta relacionado con la necesidad
de obtener formas cristalinas especificas del clorhidrato de lercanidipina en forma
pura y reproducible o uniforme (sin que exista variabilidad en sus propiedades
fisicoquimicas), que sean Utiles en la preparacién de formulaciones farmacéuticas de
caracteristicas uniformes y definidas (por ej. solubilidad, higroscopicidad vy
biodisponibilidad) (folios 204-206 y 217-218; pag. 4-6 y 17-18).

Para solucionar este problema técnico la solicitud en estudio proporciona en:
Reivindicacion 1: una forma soélida cruda (A) de clorhidrato de lercanidipina.

Reivindicacion 2: la forma soélida cruda (B) de clorhidrato de lercanidipina.

Reivindicaciones 3-11y 22 (en parte): un método para producir la forma sélida cruda
(A) de clorhidrato de lercanidipina.
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Reivindicaciones 12-21 y 22 (en parte). un método para producir la forma soélida
cruda (B) de clorhidrato de lercanidipina.

Reivindicaciones 23-24 y 73 (en parte): la forma cristalina (I) de clorhidrato de
lercanidipina.

Reivindicaciones 25-26 y 73 (en parte): la forma cristalina (ll) de clorhidrato de
lercanidipina.

Reivindicaciones 27-41: un método para producir la forma cristalina (1) de clorhidrato
de lercanidipina.

Reivindicaciones 42-60: métodos para producir la forma cristalina (Il) de clorhidrato
de lercanidipina.

Reivindicaciones 61-72 y 74: una composicién farmacéutica que comprende (1)
clorhidrato de lercanidipina cristalino (seleccionada de la forma cristalina I, 1l y
combinaciones de las mismas) y opcionalmente otras formas de lercanidipinay (2) al
menos un excipiente o portador farmacéuticamente aceptable.

Clasificacion Internacional de Patentes (IPC): C07D211/90, A61K 31/44, A61P9/12.

3. De la solicitud de Patente
3.1, Descripcion (articulo 28 D. 486)

No es claro si en el producto ya conocido ZanedipR es normal y comun que la forma
cristalina (1) de clorhidrato de lercanidipina esté contenida en su formulacion, por la
frase “la forma (I) de clorhidrato de lercanidipina fue representada por una tableta de
ZanedipR correspondiente a 10 mg de clorhidrato de lercanidipina” (folio 272; pag.
72); es necesario que el solicitante aclare dicha duda.

Por lo anterior, se concluye que en la descripcion existe falta de claridad de la
informacién de acuerdo con los requisitos del articulo 28 Decision 486.

3.2.  Reivindicaciones (articulo 30 D 486)

Las reivindicaciones 63-65 sefialan formas de dosificacion que son caracterizadas
inadecuadamente por resultados a alcanzar (ser de liberacion inmediata, ser de
liberacion sostenida o por ser una mezcla de ambas), no por los elementos técnicos
(activo, excipientes especificos y sus proporciones) que permiten alcanzar cada uno
de tales resultados; adicionalmente, en la descripcidn no se encuentra soporte de
alguna de estas composiciones especificas ni de los resultados concretos de
liberacion inmediata, sostenida o mezcla de ambas liberaciones que se lograrian.

Las reivindicaciones 70 y 74 caracterizan inadecuadamente una composicién
farmaceéutica por caracteristicas (puntos de fusién y tamarios de particula) de las
formas cristalinas del clorhidrato de lercanidipina que contiene, las cuales no son
caracteristicas de la composicién sino del activo; se aclara que las composiciones
deben ser caracterizadas sélo por los elementos que la comprenden como son
activos, excipientes y proporciones si es necesario.
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Por lo anterior, el capitulo reivindicatorio no cumple con el requisito de tener claridad
y soporte de acuerdo con las exigencias del articulo 30 de la Decision 486.

4. Determinacioén del Estado de la Técnica
Considerando que la fecha de presentacion de la primera solicitud de patente de la

cual se reivindica prioridad es 06-08-2001, se buscaron documentos del estado de la
técnica relacionados, con fecha de publicacion anterior a esta.

o | . Fecha de

n N ,= Documento Titulo Publicacién
F, | Anhydrous 1,4-dihydropyridines and A

}! D1 USsot28s1 | YOS 15-06-1999
| L : T

( i . ; Preformulacién, Propiedades fisicas,

f{ D2 | Bibliografia 1 Polimorfismo 1985

Anterioridad D1 en folios 319-330 y D2 en folios 331-335.

Bibliografia 1. Farmacia Remington 2, Preformulacion, Propiedades fisicas, Polimorfismo; 172 Edicién;
1985, Pag 1912-1913, 1915-1916

5. Analisis de patentabilidad (articulo 14 D486)
5.1.  Novedad (articulo 16 D486)

Se solicita en las reivindicaciones 25-26 y 73 (en parte) la forma cristalina (Il) de
clorhidrato de lercanidipina, caracterizada por un patrén de difraccién de rayos X (fig.
12), por valores dados de relaciones l/lo y de angulos 20 de los picos significantes.
Y en parte de las reivindicaciones 61-72 y 74 una composicion farmacéutica que la
contiene incluso con otras formas de lercanidipina.

Comparando la materia solicitada con el estado de la técnica, esta Oficina encuentra
que:

D1 divulga el clorhidrato de lercanidipina en forma cristalina anhidra (folio 323, 325;
col. 7, 11, ej. 3) y formulaciones farmacéuticas que la contienen (folio 329; col. 20).

Adicionalmente y teniendo en cuenta que la solicitud (folio 204, 217; pag. 4,17 lin.
20) aclara y reconoce ya la presencia de cantidades variables de la forma cristalina Il
de clorhidrato de lercanidipina en la forma cristalina de clorhidrato de lercanidipina
del estado de la tecnica (D1), dicha forma cristalina Il reclamada asi como las
composiciones que la contienen con otras formas de lercanidipina, no cumplen el
requisito de novedad.

5.2.  Nivel inventivo (articulo18 D486)

~ Se solicita en las reivindicaciones 1-2 las formas sélidas crudas (A) y (B) de
clorhidrato de lercanidipina, caracterizadas por tener un punto de fusién dado
[(150-152)°C y (131-135)°C, respectivamente] y un contenido de acetato de etilo
dado [(3-4)% y (0,3-0,7)%, respectivamente].
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E| estado de la técnica mas cercano es D1 que divulga una forma sélida cruda de
clorhidrato de lercanidipina, en cuya preparacion se ha utilizado acetato de etilo
como solvente (folio 323, 325; col. 7, 11); anotando que esta forma cruda de D1, de
acuerdo con la solicitud (folio 221; pag. 21) es denominada la forma cruda (C) cuyo
punto de fusién es (186-192)°C y tiene un contenido de acetato de etilo de (0-0,1)%.

Asi, la solicitad se diferencia de D1 en que sefala especificamente otras formas
solidas crudas de clorhidrato de lercanidipina (A y B), cada una caracterizada por su
punto de fusidén y contenido de acetato de etilo.

El Efecto Técnico que logra la diferencia es obtener otras formas sélidas crudas de
clorhidrato de lercanidipina, que sean utiles en la preparacién industrial de formas
cristalinas de clor?idrato de lercanidipina.

De forma que, el Problema Técnico Objetivo de la solicitud esta relacionado con la
necesidad de obtener otras formas soélidas crudas de clorhidrato de lercanidipina,
que sean utiles en la preparacion industrial de formas cristalinas de clorhidrato de
lercanidipina.

Sin embargo, se explica que para un experto en la materia el hallazgo y existencia
de otras formas sélidas crudas del clorhidrato de lercanidipina, diferenciables de la
del estado de la técnica (forma cruda C de D1) por caracteristicas como punto de
fusion y contenido de acetato de etilo, no se considera inesperado; puesto que este
experto mediante investigacion de rutina en procesos de optimizacion (en la
preparacion industrial), realiza cambios en las condiciones o variables del proceso de
obtencién de la forma sdélida cruda que lo conllevan a obtener otras formas sélidas
crudas diferentes a las de D1, sabiendo de antemano que encontrara diferencia
entre las correspondientes propiedades fisicas (como su solubilidad, punto de fusion,
contenido de solventes, entre otras) de las diferentes formas sélidas crudas tal como
se reconoce en la descripcion (folio 220-225; pag. 20-25); asi, las formas solidas
crudas Ay B obtenidas u otras formas crudas diferentes, por ej. la forma cruda C de
D1, seran utiles en la preparacion de formas cristalinas de lercanidipina clorhidrato,
como también se reconoce en la solicitud (folio 216; pag. 16). En vista de lo anterior
las formas sdlidas crudas A y B de clorhidrato de lercanidipina solicitadas no tienen
nivel inventivo.

~ Sesolicita en las reivindicaciones 3-11y 22 (en parte) un método para producir la
forma sdélida cruda (A) de clorhidrato de lercanidipina y en las reivindicaciones 12-
21y 22 (en parte) un método para producir la forma sélida cruda (B) de
clorhidrato de lercanidipina, caracterizados por:

a. reaccionar el acido 2,6-dimetil-5-metoxicarbonil-4-(3-nitrofenil)-1,4-dihidropiridina-3-carboxilico con un cloruro
{seleccionado de cloruro de tionilo y cloruro de oxalilo) en un disolvente aprético para producir el
correspondiente cloruro de carbonilo,

b reaccionarin situ el cloruro obtenido en el paso a. con 2,N-dimetil-N-(3,3-difenilpropil)-1-amino-2propilo para
formar el clorhidrato de lercanidipina crudo y

¢ aslar el clorhidrato de lercanidipina crudo obtenido en el paso b. y recuperar la forma cruda (A 6 B) de
clorhidrato de lercanidipina; donde este paso c. esencialmente consiste de los pasos i-viii (para la forma
cruda A) ¢ de los pasos i’-viii' (para la forma cruda B), que basicamente se refieren a

- lavar con agua el clorhidrato de lercanidipina crudo

- remover el agua

- adicionar un solvente

- enfriar la solucién para obtener el solido

- resuspender el solido en un solvente

- enfriar la suspension

- filtrar y secar el solido para obtener la forma sélida cruda del clorhidrato de lercanidipina
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El estado de la técnica mas cercano es D1 (folios 325, 329-330; col. 11, 20-21) que
divulga un proceso donde se produce una forma solida cruda de clorhidrato de
lercanidipina (denominada forma C en la solicitud, folio 221; pag. 21), que se
caracteriza por los pasos de:

a. reaccionar el acido 2,6-dimetil-5-metoxicarbonil-4-(3-nitrofenil)-1,4-dihidropiridina-3-carboxilico con un cloruro
(como cloruro de tionilo 6 cloruro de oxalilo) en un solvente aprético (como dimetilformamida) para producir
el correspondiente cloruro de carbonilo,

b. reaccionar el cloruro obtenido en el paso a. con 2,N-dimetil-N-(3,3-difenilpropil)-1-amino-2propilo en un
solvente aprético (como acetato de etilo) para formar el clorhidrato de lercanidipina crudo y

¢ aislar el clorhidrato de lercanidipina crudo resultante; basicamente mediante pasos de lavado secuencial con
salmuera, con solucion de carbonato de sodio, con acido clorhidrico 1N y salmuera, posterior secado sobre
sulfato de sodio anhidro, filtrado y evaporacion bajo vacio para permitir que el producto crudo cristalice.

De manera que la diferencia de la solicitud con D1 es el paso c. (etapas especificas
i-viii para la forma cruda A & i’-viii’ para la forma cruda B) para el aislamiento de
formas sdlidas crudas de clorhidrato de lercanidipina.

Y el efecto técnico que proporciona tal diferencia es lograr obtener otras formas
solidas crudas del clorhidrato de lercanidipina, Utiles en la preparacion industrial de
formas cristalinas de clorhidrato de lercanidipina.

Asi, el problema técnico objetivo de la solicitud es como lograr obtener otras formas
solidas crudas del clorhidrato de lercanidipina, que sean Utiles en la preparacion
industrial de formas cristalinas de clorhidrato de lercanidipina.

No obstante, se aclara que para un experto en la materia es investigacion de rutina la
optimizacion de procesos, estableciendo cambios apropiados en las condiciones o
variables del proceso de obtencion de una forma soélida cruda que lo conllevan a
obtener otras formas soélidas crudas diferentes a las de D1, sabiendo de antemano
que encontrara diferencia en las propiedades fisicas (como su solubilidad, punto de
fusion, contenido de solventes, entre otras) correspondientes entre las diferentes
formas sélidas crudas, tal como se reconoce en la descripcion (folio 220-225: pag.
20-25), formas crudas que seran Utiles en la obtencion industrial de formas
cristalinas de clorhidrato de lercanidipina; por lo que tales procesos de preparacion
de las formas sélidas crudas A y B de clorhidrato de lercanidipina no tienen nivel
inventivo.

~ Se solicita en las reivindicaciones 23-24 y 73 (en parte) la forma cristalina (1) de
clorhidrato de lercanidipina, caracterizada por un patron de difraccién de rayos X
(fig. 11), valores dados de relaciones l/lo y de angulos 20 de los picos
significantes.

Y en las reivindicaciones 61-72 y 74, se solicita una composicion farmacéutica

que comprende (1) clorhidrato de lercanidipina cristalino (seleccionada de Ia

forma cristalina I, Il y combinaciones de las mismas) y opcionalmente otras

. formas de lercanidipina y (2) al menos un excipiente o portador
. farmacéuticamente aceptable.

El estado de la técnica mas cercano es D1 que divulga una forma cristalina anhidra
de clorhidrato de lercanidipina (folios 323, 325; col. 7, 11, €j. 3), que exhibe superior
estabilidad térmica y menor higroscopicidad que la correspondiente forma
hemihidratada y que es por tanto Util en el manejo y preparacién de diversas
formulaciones farmacéuticas (folio 329; col 19-20).
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Asi, la solicitud se diferencia de D1 en que sefiala especificamente la forma cristalina
(1) del clorhidrato de lercanidipina, caracterizada por un patron de difraccion de rayos
X (fig. 11), valores dados de relaciones |/lo y de angulos 20 de los picos
significantes.

El Efecto Técnico que logra tal diferencia es obtener una forma cristalina especifica
del clorhidrato de lercanidipina en forma pura y reproducible o uniforme (sin que
exista variabilidad en sus propiedades fisicoquimicas), que es Util en la preparacion
de formulaciones farmacéuticas de caracteristicas uniformes y definidas, por ej.
solubilidad, higroscopicidad y biodisponibilidad, (folios 204-206y 217-218; pag. 4-6 y
17-18).

Asi, el Problema Técnico Objetivo de la solicitud esta relacionado con la necesidad
de obtener formas cristalinas especificas del clorhidrato de lercanidipina en forma
pura y reproducible o uniforme (sin que exista variabilidad en sus propiedades
fisicoquimicas), que sean Utiles en la preparacion de formulaciones farmacéuticas de
caracteristicas uniformes y definidas (por ej. solubilidad, higroscopicidad y
biodisponibilidad).

Sin embargo, para un experto en la materia el hallazgo y la existencia de formas
cristalinas especificas del clorhidrato de lercanidipina en forma pura, reproducible y
adecuadas en composiciones farmacéuticas, no es considerado como inesperado
puesto que D1 ya ensefia que el clorhidrato de lercanidipina puede presentarse en
forma cristalina y D2 establece que es de rutina comin que entre los parametros de
investigacion preliminar de un compuesto se encuentre la deteccién de polimorfismo,
la cantidad de polimorfos, el grado relativo de estabilidad de los mismos, sus
solubilidades, puntos de fusidn, efectos e interacciones en composiciones
farmacéuticas, entre otros); asimismo, es de rutina preliminar establecer las
condiciones apropiadas de preparacién (solvente de cristalizacién, temperatura,
agitacion, etc.) de cada una de las formas cristalinas encontradas y monitorearlas
mediante ensayos de identificacion por cristalografia, difraccién de rayos X,
calorimetria diferencial, solubilidad, etc. que aseguren uniformidad y repetitividad en
la forma cristalina obtenida con un proceso dado (folios 333-335; pag. 1913, 1915-
1916).

En consecuencia, el experto en la materia mediante investigacion de rutina (D2)
realiza cambios en las condiciones o variables del proceso de obtencion de formas
cristalinas del clorhidrato de lercanidipina (D1) que le permitan obtener formas
cristalinas especificas del clorhidrato de lercanidipina en forma puray reproducible o
uniforme (sin que exista variabilidad en sus propiedades fisicoquimicas,
monitoreadas por diversos ensayos como difraccion por rayos X, punto de fusién,
solubilidad, etc.); razon por la que la forma cristalina solicitada y sus composiciones
farmacéuticas no tienen nivel inventivo.

Adicionalmente, y teniendo en cuenta que la misma solicitud aclara y reconoce que
la forma cristalina de D1 es una mezcla de diferentes formas solidas de clorhidrato
de lercanidipina que incluye la presencia de la forma cristalina Il (folios 206, 217;
pag. 6, 17), las composiciones farmacéuticas solicitadas que contienen una o mas
formas cristalinas de clorhidrato de lercanidipina y opcionalmente otras formas de
lercanidipina, tampoco tienen nivel inventivo.
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~ Se solicita en las reivindicaciones 27-41 un método para producir la forma

cristalina (l) del clorhidrato de lercanidipina y en las reivindicaciones 42-60

métodos para producir la forma cristalina (lI) de clorhidrato de lercanidipina,
caracterizados por:

- para obtener la forma cristalina () y partiendo de una forma cruda de clorhidrato
de lercanidipina, realizar los pasos d-f 6 d’-f' (con adicion de semillas de la forma
cristalina (1) en el paso d):

d. adicionar a la forma cruda un alcohol C1.s con max. 5% de agua, calentar a reflujo con agitacién y producir
una solucién clara;

e. enfriar y agitar la anterior solucién (precipitacion) hasta que la concentracién del clorhidrato de lercanidipina
disuelto sea < 2%;y

f  recuperary secar el solido de |a forma cristalina (l) de clorhidrato de lercanidipina

- para obtener la forma cristalina () y partiendo de un clorhidrato de lercanidipina,

realizar los pasos:

d -f* (donde el solvente del paso d” es acetonitrilo), 6

d"-f" (donde solvente del paso d” es etanol o isopropanol con max. 10% de agua), ¢

d™-f"" (donde el solvente del paso d" es polar prético (un alcohol C1-3) ¢ dipolar aprético (N-
metiipirrolidona) con max. 50% de agua)

d” adicionar a la forma cruda un solvente y calentar producir una solucion;

e’ enfnar y agitar la anterior solucion (precipitacién) hasta que la concentracion del clorhidrato de lercanidipina
disuelto sea < 2%; y

f'. recuperary secar el solido de la forma cristalina (Il) de clorhidrato de lercanidipina.

El estado de la técnica mas cercano es D1 que divulga un proceso de obtencién de
una forma cristalina anhidra del clorhidrato de lercanidipina (con mejor estabilidad
térmica y menor higroscopicidad que la forma semihidratada), caracterizado por
partir de una forma cruda del mismo clorhidrato de lercanidipina para la
recristalizacion desde etanol al 99% & desde una solucion del compuesto en un
solvente protico (un alcohol C1.4 y similares, solos 0 en mezcla y opcionalmente con
agua) y un solvente aprotico (tetrahidrofurano, metil acetato, acetona y otros
similares) (folios 323, 325, 329; col. 7,11, 20 paso d).

Asi que, la diferencia de la solicitud con D1 es que divulga procesos concretos
[pasos d-fo d'-f; d”-f", d’-f” 6 d""-f"", especificando las variables o condiciones de
solvente o mezcla de solventes, condiciones de precipitacion, recuperacion y secado
de la forma cristalina] para la recristalizacién y obtencion de formas cristalinas
especificas | y Il del clorhidrato de lercanidipina.

El efecto técnico que proporciona tal diferencia es lograr obtener especificamente las
formas cristalinas | y Il del clorhidrato de lercanidipina, en forma pura y reproducible
o uniforme (sin que exista variabilidad en sus propiedades fisicoquimicas), que son
utiles en la preparacion de formulaciones farmacéuticas de caracteristicas uniformes
y definidas, por ej. solubilidad, higroscopicidad y biodisponibilidad (folios 204-206 y
217-218; pag. 4-6 y 17-18).

Asi, el problema técnico objetivo de la solicitud es cémo lograr obtener formas
cristalinas especificas del clorhidrato de lercanidipina en forma pura y reproducible o
uniforme (sin que exista variabilidad en sus propiedades fisicoquimicas), que sean
utiles en la preparacion de formulaciones farmacéuticas de caracteristicas uniformes
y definidas (por €]. solubilidad, higroscopicidad y biodisponibilidad).
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Pero, se aclara que para un experto en la materia es de rutina preliminar determinar
las diferentes formas cristalinas de un compuesto dado que ya es conocido que
puede estar en forma cristalina como lo divulga D1 (clorhidrato de lercanidipina en
forma cristalina), mediante investigacion de rutina al modificar las condiciones en el
proceso de cristalizacion u obtencion de las mismas, es decir que es de rutina
establecer las condiciones apropiadas de preparacion (solvente de cristalizacion,
temperatura, agitacion, etc.) de cada una de las formas cristalinas encontradas y
monitorearlas mediante ensayos de identificacién por cristalografia, difraccién de
rayos X, calorimetria diferencial, solubilidad, etc. que asegure uniformidad y
repetitividad en la forma cristalina obtenida con un proceso dado como lo sefiala D2
(folios 333-335; pag. 1913, 1915-19186); por lo que los meétodos solicitados para
producir las formas cristalinas (I y Il) del clorhidrato de lercanidipina no tienen nivel
inventivo.

6. Conclusién

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

N o Reivindicaciones
N | Documento N Afectadas

Requisito que Afecta

25-26 y 73 (en parte)

61-72 y 74 (todas en parte) Novedad

D1 US5912351

1-24, 27-60y 73 (en parte)

61-72 y 74 (todas en parte) Nivel inventivo

D2  Bibliografia 1 23-24 y2773 ég” parte) Nivel inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificaciéon de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el articulo 8 de la
resolucion reglamentaria No. 00210 del 15 de enero de 2001, advirtiendo que contra
el no procede recurso alguno en la via gubernativa.

JESUS FERNEL-GARCIA GARCIA\
Director de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

CONCEPTO TECNICO EXAMINADOR TECNICO
No. 067 Cadigo No. 202079
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