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[571 ABSTRACT 

The subject invention provides anhydrous 1 .4-
dihydropyridines and salts thereof, and a method for pre-
paring them. The 1,4-dihvdropvridines have Formula I’ 

U Ax 0 

R 

H3C CH3 

H 

wherein: 
Ph is pheuvl, 
At is: 2-nitrophenyl, 3-nitrophenvl. 2,3-dichiorophenyl or 

henzofurai.an-4-vl, 

A is a branched chain al.kylene radical having from 2 to 6 
carbon atoms, 

R is a straight or branched chain alkyl radical having from 
Ito 6 carbon atoms, optionally mono -substituted hr an 
alkoxy substituent having from I to 6 carbon atoms, 

R1 is hydrogen, hydroxy, or an alkyl radical having from 
1 to 4 carbon atoms, and 

R2 is hydrogen, or methyl. 

9 Claims, 6 Drawing Sheets 

’1 
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ANH YDROU S 1,4-DIHYDROPYRIDINES AND 
SAL’J’S’F HEREOF 

FILI.D OF TIlE INVENTION 

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

BACKGROUND OF THE INVENTION 

The compounds of the invention are known for their 
coronary dilating and antihypertensive activity from U.S. 
Pat. No. 4,705,797. However, the anhydrous form of such 
compounds is novel and forms part of the present invention. 

A particularly preferred compound is methyl 1,1,N-
trimethyl-N-(3.3-diphenylpropyl)-2_aminocthyl 1,4-
dihvdro-2,O-dimeihvl-4-(3-nitrophenyl)pvridine3s 

cii hoxv]a te ( lerca ’ticl ipirte). and pharmaceutically 
acceptable silts thereof These compounds can be prepared 
accoidio to the methods cited in U S Pat. No. 4,705,797 or 
the methods disclosed herein, 

,\ku, panic a ark’ preferred are the resolved enantiomers 
ul lerccinidipiue The preparation of the individual enanti-
omers is clescohed in the present specification. 

Arteriosclerosis, a generic term for thickening and hard-
ening of the arterial wall, is responsible for many deaths in 
the United Stiles and other westernized societies. One type 
of arteriosclerosis is atherosclerosis, a disorder of the larger 
arteries that underlies most coronary artery disease, aortic 
aneurysm, and arterial disease of the lower extremities. 
Atherosclerosis plays a major role in cerehrovaescular dis-
ease and is a leading cause of death in the United States, both 
abi ve and he loss age 65 (L. I. Ilicrman in Harrison ’5 

Principles of internal Medicine XII Ed., page 992 (1991)). 
Its novs recognized that atherosclerosis is a multifactorial 

process that, when leading to clinical sequelae, is based on 
LXieilsiS’( pro]iteiation of migrated smooth muscle cells 
(rnocytes) within the intirna of the affected artery. The 
atheroscicrotic plaque formation is believed to he the result 
of three fundamental biological processes. These are: 

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

2 foimation by the proliferated smooth muscle cells of 
large .imounls of connective tissue matrix, including 
collagen, elastic fibers, and proteoglycans; and 

3 auniu1aii ’ii ()f lipid, principally in the form of 
cholesterol esters and free cholesterol within the cells 
i? siJI as in 111C surrounding connective tissues, 

(R Ross et at . Science, 180: 1332 (1973); R. Ross et al., N. 
Trig .1 lIed 205 3(e) (1976), R W Wissler et al,. Prog. 
Carthoi cisc Dis., Is. 341 (1976)). 

In addition, a number of experimental reports ascribe a 
ke role to the oxidative modification of low density lipo-
proteins (LDL) in the early stages of atherosclerosis in 
humans, here hvpercholestcrolemia represents the major 
risk factor associated with the increased incidence of the 
disc .ise Available data has lead to the belief that LDL can 

2 
undergo oxidative modification (D. Steinberg et al., X. Eng. 
.1. lied., 320. 915 (1989); J. L. W’itztum, Lancet, 344. 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 cheniotactic activity for mono-
cytes (M. S. Brown et al., Ann. Rev Bioc/re,n., 52: 223 
(1983)), and cytotoxicity to arterial wall endothelial cells (S. 
Parthasaralhy et al., Prog. Livid Rea., 31: 127 (1992)). 

10 
SUMMARY OF THE INVENTION 

It has now been found that 1,4-dihydropyridines, such as 
lercanidipiiie and each enantiomer of lercanidipine are able 

15 
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 
treatment to prevent, retard, or reduce the atherosclerotic 
degradation of the arterial wall, hypercholesterolemia and 
the various diseases caused by these, such as, for example, 

0 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 

25 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 for preventing, 
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. 

35 

0 Ar 0 

R 
A� N� CH�CH2CH(Ph 

40 1 
R1 R2 

HCNCH3 
 

H 

45 wherein: 

Ph is phenyl, 

Ar is: 2-nitrophenyl, 3-nitrophenyl, 2.3-dichlorophenvl or 
5 benzofurazan-4-yl, 

50 A is a branched chain alkvlene radical having from 2 to 6 
carbon atoms, 

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

55 R1 is hydrogen, hydroxy, or an alkyl radical having from 
1 to 4 carbon atoms, and 

R2 is hydrogen, or methyl 
Also useful in the present invention are resolved enanti-

omers of the compounds having formula 1, pharmaceuti-
60 call), acceptable acid addition salts, and hydrated or solvatcd 

forms of any of these compounds. 
The present invention also contemplates unit dosage 

forms that include an effective amount of at least one of the 
(R)-enantiomer, the (S)-enantiomer, or the racemate of the 

65 compounds of the invention. 
It has been discovered that the compounds of the inven-

tion can he prepared in anhydrous (unsolvated) form by 
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recrystallizing the compound in an aprotic solvent and a 
prone solvent In the recrystallizalion either aprotic or protic 
solvent can he used prior to the other. The anhydrous 
compounds formed have improved stability when compared 
to the hydrated or solvated compounds. Particularly pre-
terred among these 1.4-dihvdropvridinc derivatives are 
lerLamdipine, its enantiurners, and pharmaceutically accept-
able salts thereof [.ercanidipine is methyl 1,1-N-trimethyl-
N-(3,3-Ll1phen\lprupl)-2-iiminoethyl 1,4-dihydro-2,6-
dtmethvF4-(3-nttrophenvl)-pyridine-3,5-dicarboxylate. 

TItL (S )- 1.iill inner and the racemate of lercanidipine, 
both possess antih pertensive activity, and can be used for 

ic its in nced of treatment for both hypertension and 
diseases related to atherosclerotic phenomena. 

On the other hand. (R)-lercanidipine, having only mini-
mal antihvpertensive activity, has substantial activity in, and 
can be ucd for treating conditions involving, smooth 
muscle cell migration and proliferation and diseases related 
to itheroseleroric phenomena without any concomitant car-
diovascuiji eflect. This cnantiomcr is useful for treatment of 
natlenis for whom reduction of blood pressure would be 
UnJcSli,ihii 

The Invention also provides for the preparation of a 
composition useful for the treatment, i.e.. the prevention, 
arrest, retaidation, or at least partial reversal of atheroscle-
o ’tic dcgradatiiii in the arterial walls of a patient in need of 
said Treatment using a compound of the general formula I. 

DESCRIPTION OF THE DRAWINGS 

16 1 is a graphical representation of the effect of 
lercandipme and its enantiomers on [3H]-thymidine incor-
pi ,ithn ink. mvic\ IVs(if’ nil smooth muscle cells. 

FIG 2 is a graphical representation of the ability of 
tcrc,i Lid ipiitc and its c nantiomers to interfere with the migra-
kofl uf arterial m’ ncvtes. 

FIG 3 .i oraphical representation of the ability of 
leic.inol pine and its enantiomers to inhibit the enzyme 
-VAT ii-i cholstrol esterification induced by AcLDL in 
mouse pci it neal macrophage 

If 4 is .L graphical representation of the concentration -
dependent effect of lercanidipine and its enantiomers on 
eholesic ii ester i(ic,ition in cholesterol ester loaded mac-
roph ages 

I 

4 
FIGS. 5 and 6 are graphical representations of the effect 

of lercanidipine and its enantiomers on cell -mediated oxi-
dation of LDL. 

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

DETAILED DESCRIPTION OF THE 
INVENTION 

All patents, patent applications, and literature references 
cited in the specification are hereby incorporated by refer-

10 ence in their entirety. In the case of inconsistencies, the 
present disclosure, including definitions, will pre’ au. 
"Treatment" of atherosclerosis is intended to include 
preventing, retarding, and/or reducing atherosclerotic 
lesions and preventing, retarding, and/or reducing athero-

15 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 of 
atherosclerosis. They are: 

20 1) migration and proliferation of intumal smooth muscle 
cells, together with variable numbers of accumulated 
macrophages and T-Iymphocytcs 

2) formation by the proliferated smooth muscle cells of 
large amounts of connective tissue matrix, including 

25 collagen, elastic fibers, and proteoglycans; and 
3) accumulation of lipid, principally in the form of 

cholesteryl esters and free cholesterol within the cells 
as well as in the surrounding connective tissues. 

According to the present invention, treatment constitutes 
31J any improvement in one or more clinical or histological 

symptoms or diagnostic markers observed by the attending 
physician or determined by quantitative or semiquantilative 
techniques. Non-limiting examples include techniques such 
as, analysis of blood, ultrasound and other imaging tech -

5 niques such as angiographv. Several of these techniques 
have been developed and are well-known. Patients who are 
likely to require this treatment are those suffering from or at 
risk for mvocardial infarct, stroke, hvperlipidemia, or hyper-
tension. 

40 Lercanidipine can be prepared by Hantzsch cvclization of 
methyl 3-aniinocrotonate (I) with 1,1 ,N-tnimethv1-N-(3,3-
diphenylpropyl)-2-aminoethyl a-acetyl-3-nitrocinnam ate 
(2) (Scheme 1), according to the method described in U S 
Pat. No. 4,705,797. 

SCHEME I 

CH1 
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1 lowe\r. th0 cvelisaiion method de.cnbed in the U.S. 
PCI, No 4,705,797 leads to several impurities and conse-

n I kw ic Id of the product is obtained The removal 
of the reaction byproducts requires the use of purification 
techniques, e I., Lotumn chromatography, which are difficult 
to apply on an industrial scale. 

AltLrndti\ clv, lercanidipine can he prepared by esterifi-
cation of 1.4dihvdro-2,6-dimethyl-5methoxycarbonyl-4-
(3-nhtrophen\ I )pvridine-3-carhoxvlic acid (3) with 2,N -
dime Lb l-N-(3,3-diphcnylprupyl)-1 -amino-2-propanol (4) 
(Scheme 2-1 according to the method described in Example 

SCHEME: 

U 

CE O H 

I 
H 

II 
4 

0 
11 

L Ho 

I i \\II ’[11 \1 

10 Resolved lercanidipinc enanhiomers can he obtained by 
the esterification method illustrated in Scheme 2 using the 
corresponding homuchiral acids which, when present in I 
ratio, constitute the above cited racemic acid 3. 

The homochiral acids, hereinbelow called for 

25 convenience, acid 5 (the (R)-enantiomer) and acid 6 (the 
(S)-enantiomer), can he conveniently prepared by resolution 
of racemic acid 3 according to the method reported by A. 
Ashimori et al., Chein Pharn, Bull. 39 108 (199) 

The esterification reaction can be performed in the pres-
ence of a coupling agent (e.g.: dicyclohexvlcarhodiimide, 
N,N-carbonyldiimidai.ole or diethyl cyanuphosphonate). 

ZR3 CH3 

�0It 

CD3 
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optionally in the presence of a promoting agent (e.g.: 
N -hr do s succinimide or 4-dimethvlaminopvriclinc) in 
aprctic or chlorinated solvents (e.g.: N,N-
di mcthvlfot 0] am dc or chloroform) at temperatures ranging 
from -10 to 14t.h C according to well-known synthetic 
methods: Albertson, Org React Vol. 12, 205-212 (1962); 
Doherty ci al. I. tIerl, Chem. 35. 2 (1992); Ishihara, Cliam. 
P/tarot Bull 39: 3238 (1991) 

Aliernaiielr, lcrcamdipine enantiomers can be prepared 
by reacting acid 5 (or acid 6) with alkyl chioroformate in 

se ncr ct :i iert iarv amine (e.g , triethylamine), then add-
ing the intermediate alcohol (4) at about 0-80° C. 
)pt n:lir a promoting agent (e g 1-hydroxvpiperidine) 

may hc added before the addition of the intermediate (4) 
,-\lb risen,

 
Or,,- Recacr Vol 12, 157 (1962)) 

l’he compounds and enantiomers of the invention can also 
hc prepared hr conversion of acid 5 (or acid 6) into the 
corresponding acr 1 halide using inorganic acid halides (e.g.: 
ph snhores pent.ichlcride, oxalvi chloride, phosphorous 
tiichlortdc, phosphorous oxvchloridc, or thionyl chloride) in 

chlo:inated solvent (e g, chloroform, dichloroethane, 
clie0hronic ihaoe. 1,1, 1-trichloroethane and the like), option -

in the presence of promoting agents (e.g.: N,N-
ilimcthr’ltoriiicimietc) at temperature ranging from about �10 
to about 85° C The resolved acvl halides can optionally, but 
need not, he isolated before the addition of the intermediate 
alcohol (4). 

The lercanidipine enantioiuers thus obtained are purified 
recording a methods known in the art, either as a free base 

(e by column chromatography) or as a salt (e.g.: by 
ir precipitation ci recirstallization). The above methods can 
also hr used for all compounds having formula I. 

It has been discovered that raccni IC mixtures of the 
compounds cf the invention purified by recrystallization can 
N, prcp:IILLI to anhrdrous or unsolvated form by recrystal-
lizing the compound from a solution of the compound in; (i) 
an .lprr tic s lye ut. and (ii) a prone solvent, Fin anhydrous 
compounds have improved stability and lower hvgroscop-
K it\ v inn impat cd to the hydrated solvated compounds. 

The hire irtidipine can be obtained by esterification from 
he c rresp nding dihvdrop’. ridine acid in accordance with 

a one�step reaction process starting with the acid chloride of 
0111 ’1 biLl k pie pared in situ This route provides improved 
ielcls and the formation of fewer reaction byproducts. The 

imprnvcd purity of the compounds of the invention avoids 
the use of chroniatogiaphic columns to isolate the desired 
final pr ’c!irt The compounds can he obtained directly by 
cIN St illisatio as th,, hydrochloride salt with a high degree of 
priori 

Inc Icreawdipine h\ droclilurid e.an he prepared accord-
ing to the present invention in the anhydrous crystalline 
form, ineltmu s ohio a tis o degree range from about 165 to 
I 90° C range after recrystallisation of the crude hydrochlo-
ide compound from a solution of the compound in; (i) an 
aprotic solvent, and (n) a prone solvent 

L\.imp lcs ’if aproiic solvents include chlorinated solvents, 
such as. for example, chloroform, dichloromethane, 
LlichloioLthriiL. chloiohenzenc, 1,1, t-trichloroetharte, and 
the like. non -chlorinated solvents, such as, for example, 
cilia I .iceiate. nirth I acetate, tetrahvdroturan. dioxanc, N,N-
dimetha id irmamide. dimethylcarbonate. toluene. xylene, 
in it �t.i ,j alkane. .i (CCs�C) cycloalkanc and the like 

L\aulplcs of prouc suli ents include solvents, such as, for 
eaimple. meih:inol, ethanol, propanol, isopropanol, 
(i-Ii,oi’I, scc-lrut:oiol, rert-hutanol and the like. All solvents 
can he used alone or optionally in a mixture with other 

tt -\Il v ater miscible solvents can he used alone or in 

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

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

Preferred pharmaceutically acceptable acid addition sails 
are those such as, for example, hydrochloric, sulfuric, 
maleic, succimc, citric, methanesulfonic and toluenesull’onic 
acids, and the like. 

i’he hydrated and solvated forms of the compounds of the 

10 
invention include compounds which have water or solvent 
molecules associated with them. There can he as little as 
about 0,25 molecules of water or solvent or there can be 
several water or solvent molecules for each lercanidipine 
molecule. 

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

According to the invention, the 1.4-dihydropiridine 
:0 derivative having formula I may be administered 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 bioivalibiity and efficacy of the compounds having 
formula I is comparable whether administered in the anhv-

25 drous form or in a hydrated or solvated form. 
Preferred pharmaceutically acceptable acid addition salts 

include those formed with hydjochloric, sulfuric, maleic, 
succinie, citric, methanesulphonic and toluenesuiphonic 
acids; they may be prepared from the free bases in conven-

ao tional manner. Whatever the form (base, salt, hydrate or 
solvate), the active ingredient will usually be administered 
in admixture with a pharmaceutically acceptable carrier. 

For the purpose of oral therapeutic administration, the 
active compounds of the invention can be incorporated with 

a cxcipients and used in the form of tablets, troches, capsules, 
elixirs, suspensions, syrups, wafers, chewing gum, and the 
like. 

These preparatiQns will typically contain at least about 
0.5ci of active compounds, but the amount of active Ingrc-

40 dient can be varied depending upon the particular form and 
may conveniently contain from about 5C,c to about 701-i of 
the weight of the unit. The amount of active compound in 
such compositions is such that a suitable dosage will in 
obtained. However, the desired dosage can be obtained by 

4c administering a plurality of dosage forms. 
The compounds of the invention can be administered as 

an oral dosage of from about 0.1 to about 400 mg, preferabli 
from about 1 to about 200 mg, and most preferably from 
about 5 to about 100 mg. per subject treated, per dar 

ri l’herapy can continue 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 
contains from about 0.1 to about 400 mg of active corn -

55 pound. 
The tablets, pills, capsutes, troches, and the like can ,its 

contain, for example, the following optional ingredients a 
hinder such as, for example, microcrystalline cellulose, 
tragacanth gum, gelatin, and the like; an excipient such as, 

so for example, starch or lactose, a disintegrating agent such as, 
for example, alginic acid, sodium starch glycolate, corn 
starch, and the like; a lubricant such as, for example, 
magnesium stearate or hydrogenated castor oil, ci glidant 
such as, for example, colloidal silicon dioxide. Sweetening 

65 agents such as, for example, sucrose or saccharin or flavor-
ing agents such as, for example, peppermint, methyl 
salicytate, or orange flavoring can also he added 
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The active compounds of the invention can be orally 
administered, for example, s’iili an inert diluent or with an 
edible carrier. They can, for example, be enclosed in gelatin 
capsules, or they can he compressed into tablets. 

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

1-or the purpose of parenteral administration, the 1,4-
dih drops r reline derivatives may be incorporated into a 
solution or suspension. 

These preparations typically contain at least 0.1% of 
aciiv compound, but the amount of active ingredient may 
vary between 0 50 arid about 300 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 
to 100 mg of active compound The solutions or suspensions 
may also include the tollowitag components. a sterile diluent 
such as water for injection, saline solution, fixed oils, 
polxeth lcne glycols, glycerine, propylene glycol or other 
synthetic solvents: an antibacterial agent such as benzyl 
alcohol or methyl parahens, an antioxidant such as ascorbic 
acid or sodium bisulfite; a chelating agents such as ethyl-
cncdramirrctetraacctic acid, a huller such as an acetate, a 
citrate or a phosphate and an agent for the adjustment of 
torucltv such as sodium chloride or dextrose Parentcral 
multiple dose vials may be of glass or plastics material. 

ilk p:rreitcr:l multiple dose vials can be of glass or 
plastic materials. 

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

A syrup can contain, in addition to the active compounds, 
sucrose as a sweetening agent, preservatives, dyes, 
calonngs, and flavorants, 

or the purpose of parenteral therapeutic administration, 
the active compounds of the invention can be incorporated 
into .r ph siolugically acceptable solution or suspension. 

These preparations preferably contain at least about 0,1% 
1 ,ctivc _ mpund, but may he varied to from about 0 5% 

to about 10, by weight thereof. The amount of active 
ni mod in these Compositions is such that a suitable 

dosage of from about 5 to about 100 mg will be obtained 
upon administration of the solution or suspension 

Preferred compositions and preparations according to the 
present inventions are prepared so that a parenteral dosage 
unit contains from about 5 to about 100 mg of active 
corri1inund 

the solutions or suspensions can also include the follow-
tog components a sterile diluent such as, for example, water 
for injection, saline solution, fixed oils, polyethylene 
glvcols, glycerine, propylene glycol, other synthetic 
solvents, and the like, antibacterial agents such as, for 
example. henzrl alcohol, methyl parabens, and the like; 
.ini ro\ktarlr.. ..ir..h ,is, for example, ascorbic acid, sodium 
hrsuih;e. arid the like, chelating agents such as, for example, 
ctli\ lcfleilrarorrIL tctraacettc acid and the like, butters such as, 
for example, acerates. citrates. phosphates, and the like, and 
agL ii’. ti he :rljustmeni of ton city such as, for example, 
sodium chloride, dextrose. and the like. 

\latcrjals used in preparing these various compositions 
for praLticing the in ention should be pharmaceutically pure 
and non-toxic at the level employed. 

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

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 
10 

(S) -(+)-METHYL 1,1 -N-TRIMETIIYI.-N-(3.3-
DIPHENYLPROPYL)-2-AMINOETHYL 1 ,4-DIHYDRO-
2,6-DIMETHYL-4-(3-NTTROPHENYI.)PYRTDINE-3,5-
DICARBOXYLATE ((S)-LERCANIDIPINE) 

- HYDROCHLORIDE-0.5 H.,O 
b Thionyl chloride, 0.13 ml, was added, at �10° C , to a 

stirred suspension of 0.54 g of (R)-1,4-dihydro-2,6-
dime thy l-4-(3-nitrophenvl)-5 -met box ycarbonvlpvridine-3-
carboxylic acid in 2.9 ml of anhydrous dichioromethane and 
0.75 ml of anhydrous N,N-dimethvlformamide 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-dimcthvl-
N-(3,3-diphenyl-propyl)-1 -amino-2-propanol, (prepared as 
described in U.S. Pat. No. 4,705,797), in I ml of 

25 
dichioromethane, cooled to �5 ° C., was added. After stirring 
for 3 hours at 0° C. and standing overnight at 20-25° C., the 
solvent 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% aqueous sodium 

30 
carbonate solution (5x4 ml), brine (4 ml), 1 N hydrochloric 
acid (5x5 ml), brine (4 ml), 1017r aqueous sodium carbonate 
solution (2x5 ml) and with brine (4 ml). The organic phase 
was dried over anhydrous sodium sulfate and evaporated to 
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 

40 
dissolved in 75 ml of diethyl ether containing 3% of acetone. 
After filtration the solution was acidified with 3 N ethereal 
hydrogen chloride and the precipitate was collected by 
suction filtration and dried at 78° C.,15 mmHg to provide 
0.66 g of the title compound. 

M.P. 115-125° C.; [a]D25+70.56°  (MeOH; c=0.981) 
Elemental analysis % for Ca0H41N3OHCl0.5 HX) 

Found: C, 65.47; H, 6.57; N, 6.29; Cl, 5.32; H0, 1.68 Cale.: 
C, 65.79; H, 6.60; N, 6.39; Cl, 5 39, H0, 1 37 

’H-NMR Spectrum of the base at 200 MHz (CDCI3, Ô): 
8.10 (m, IH) nitrophenyl, CH in 2 
7.97 (m, 1H) nitrophenl, CH in 4 
7.62 (m, 1H) nitrophenyl, CH in 6 
7.33 (dd, 1H) nitrophenyl, CH in 5 
7.29-7.10 (m, 1OH) H henzhydryl aromatics 

55 
5.79 (bs, IH) pyridine, NH 

- 5.05 (s. 111) pyridine. CH in 4 
3.92 (t, IH) benzbydryl, CH 
3.63 (s, 3H) COUCh3 
2.57 (m, 2H) OC(CH3)CH2N 

60 
2.40-2 23 (m, 2H) N(CH1)CH,.CH. 
2,332.27 (2s, 611) pyridine, CIl3 in pus. 2 and 6 
2.19-2.09 (m, 2H) N(CH3)CHCH 
2.17 (s, 311) NCH3 
1.35/1.31 (2s 6H) OC(CH3),CHN 

Example 2 
(R) -(�)METHYL 1,1-N-TRIMETHYL-N-(3,3-
DIPHENYLPROPYL)-2-AMINOETHYL 1 ,4-DIHYDRO-
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".6 -DIME THYL-4-(3-NITROPHENYL)PYRIDINE-3,5-
l)l(ARIIOXYI ALL ((R)-1.LRCANIDIPINE) 
HYDROCHLORIDEH20 

Tb. title compound was obtained by the method described 
in Example 1 for the (S)-enantiomer, starting with (S)-1,4-
d i h y d r o - 2,6 - d i in e t h 

vi 

-4 -(3 - n it r op h e n yl) -5 - 
me lhux\ carbons lpvriehnc-3-carboxyhc acid. 

\1 p 115-120, C, [a]5 -7i) 88° (MeOH, c0.975). 
Llcineul.il .ina1 sis °’c for 3lI41N30lIClH0 Found: 

C, 64 93. H. 6.62: N, 6.24; Cl, 5.41; HO, 2.50 Cale.: C, 
14 oH, }l, o (ii, N. u 31, Cl. 5 32; H.O, 2 70 

iThe ’l1NMR spectrum of the base in CDCI3 was iden-
real to 111L H-Ne’lR spectrum tor the (S)-enantiomer from 

Example I 

Lxample 3 
M E I H Y L 1, 1 - N - T RI METHYL - N - (3,3-
l)IPI ILNN I PROPY! .)-2-AMINOL’I’IIYI. 1 .4-DIIIYDRO-
1,6-DIMETFIYL-4-(3-NITROPHENYL) PYRIDINE-3,5-
1)1( ARID)X’ l.Al’L (LLRCANIDIPINE) 
HYDROCHLORIDE 

liii n I Nh ride, 43 g (1) 385 mole), was added drop-
\\ ise over 15 minutes into a stirred mixture comprising 11 
o 2g 0rnrIe) of 2.6 -di met hvl-3-merhoxycarhonvl-4-(3-
nitrophei]v1)-1 .4-dihvdrupvridine-3-carboxylie acid (3) 
(PeF.iIeJ is desriherl to German patent DE 2,847,237), 645 
mE of ,rnh diou.s dichluromelhane and 150 mL of anhydrous 
dimethvlformamide, maintained under a nitrogen atmo-
sphere it tenper.iure of �4 to +1’ (’ The mixture was 
stirred and maintained at this temperature for 1 hour. This 

as toll \ ci b\ drirpwise addition of 104 1 g (0 35 mole) 
Of 2.is -dime thyl-N-(3.3-diphenyl-propyl)-1 -amino -2-
pterp.inrl (4) (prepared as described in U.S. Pat. No, 4,705, 
797). dissul\ed in 105 mL of anhydrotas dichloromethane, 
over iS minutes at a temperature of �10 to 0° C After 
storing for i hours at 9° C. and standing overnight at room 
temperature, the solvent was evaporated under vacuum and 
the tesielUc disscrl eel in 3500 mL of ethyl aceta The 
onetrn1c solution was washed sequentially with: brine (700 
ml.). 10 aqucoLis sodium carbonate solution (5x700 mL), 

700 ml. ). I N hydrochloric acid (5x700 mL) and 
flfla,1\ \\ 111 hiiue (700 mL). The organic layer was dried 
over anhydrous sodium sulphate for 30 minutes, filtered, 
shaken v tlr 23 at charcoal and filtered again The solution 
volume v as first reduced to about 1 liter by eva ration 
u irk r vacuum, arid the product allowed to crystallize After 
standino 4 hours at 0 to 5° C., the crystalline pro uct was 
col I,cted l acuuni filtration and recrystallized from 
ETCH 9C to piovide 179.5 g (78% yield) of the title 
crm}uu rd M P 100-188° C  

Example 4A 
LI I LE’ I 8 ON AR I LRIAL MYOCY IL PROLIF LRAfION 

Animal models of vascular injury have shown that an 
.irk i ijl Ii n is 1llowed b\ proliferation of medial 
mvucvtes. many of which migrate into the intima and further 
proliler.ric 1 Irm ,t ueointinal lesion. the causes of  these 
c’ ems arc not completely understood. Recent findings have 

included thu rn ucvles intake up approximately 90-95% of 
lhc cellular population of the atherosclerotic lesion in young 
adults and crtrpose an average of SOC of the advanced 
atherosclerotic plaque. In addition, vascular myocytes con-
tribute to lesion formation and growth by synthesis of an 
.\tiiclliilcif matrix or they can accumulate lipids and 

become foam cells 
Thus, the clucirl,ition of the factors affecting these phe-

nomena affords new entry points for selective interference 
-111J  in Iihi iton If th process of atherogenesis (R W. Wis.ster 

12 
et al:, Am. J. Med. 91: (Si B), 3S (1991); S. M. Schwartz et 
al,, C/re. Res. 58: 427 (1986),-A. W. Cloves et al.,J Card/on’ 
Pharnzacol. 14: 512 (1989); R. W. Wissler et al., Ann. Ps’Y 
Acad. Sci. 598: 418 (1990). 

5 Migration of myocytes was investigated for the present 
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 [311]-thymidine incorporation were used to es alu-
ate mvocvtes growth. The methodology was as follows: 

10 
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 atmo-
sphere of 57 CO. in Eagle’s minimum essential medium 
supplemented with 10% (vv) fetal calf serum, 100 U ml 

15 penicillin, 0.1 mg/ml streptomycin, 20 m tricinc buffer and 
1% (v,v) non-essential amino acid solution, The medium 
was changed every third day. Cells were used between the 
4th and 10th passage. Cell viability was timely assessed hr 
trpan blue exclusion. Myocytes were identified for growth 

20 behavior, morphology and using monoclonal antibody spe-
cific for a-actin, the actin isoform typical of myocytes 
Human vascular myocytes (A 617 from human femoral 
artery) kindly provided by Prof. G. Gabbiani of The Geneial 
Pathology Institute (Geneva University�Switzerland) were 

25 grown in the same culture conditions (These or othem human 
vascular myocytes can be obtained and cultured as described 
by Corsini et al., Atherosclerosis, 101: 117-125, (1993)t 
Corsini et al., P/mario Rea, 23  173 (1991); Ross, R. .1. (’oil 
Bio., 50: 172, (1971); and Skalli, 0. et al,, J. Cell Bio.. 103-

;0 2787 (1986)) 
Cells were seeded at various densities for rat (2xlO5) and 

human (5 10x104) myocytes’petri dish (35 mm), and incu-
bated with Eagle’s minimum essential medium supple-
mented with 10% fetal calf serum. Twenty-four hours later 

- the medium was changed to one containing 0.41l fetal calf 
serum to stop cell growth, and the cultures were incubated 
for 72 hours. Al this time (time 0) the medium was replaced 
by one containing 10% fetal calf serum in the piesence on 
absence of known concentrations of the I ,4-dthvdropvndine 

40 compounds being tested (shown in Table 1). The incubation 
was continued for an additional 72 hours at 37° (’ Just 
before the addition of the test substances, an aliquot from 
each petri dish was used for cell counting. Cell proliferation 
was evaluated by cell count after trypsinization of the 

45 monolavers using a Coulter Counter model ZM. Ctll viabil-
ity was assessed by trypan blue exclusion, and found to he 
greater than 9517c, at the drug concentrations used. 

Stn 
TABLE 1 

MYOCYTES GROWtH IN}IIBITION MEASURED BY CELL COUNT 

Myocvtes LE (R) -LE (S)-LE NI LA 
fiom tC.,(uM) IC,(uM) tCi’uM tC’.,(iM)  

55 SD Rat 31 2 30 7 333 388 3 s 
StIR Rat 141 "1

 lii S a 
WK Rat 1b4 15.3 2nj 7 

ni. i.. 

Human 25.3 n t 
n 

t it t 

LE - Leroanidipine 
NI - 

Nicardipine 
60 1 A = t acidiprne 

IC50 = concentration required to inhibit ccii growth by 501, 
SD = Sprague 

Dosslcv 

StIR Spontaneously Hypertensive 
WK = Wistar Kyoto 

a t =not rested 
65 

The data from Table 
1 

show that compounds of the 
invention, particularly, racemic lercanidipinc and its 
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resolved enantiomers inhibited the rat and human myocyte 
pt 11 rair’n in a concentration -dependent manner and 
shovccl practically the same activity as the reference 1,4-
Jihvdrop RlinL tcsftd (NI and LA) 

It’ found that lercanidipine (and its enantiomers) 
pr vd air n the cells from all the spceics invcstigatcd, 
in pain.. trial. numans. 

L\ainpk 413 
EFFECTS ON ARTERIAL MYOCYTE PROLIFERATION 

In an titer experiment, synchronization of mvocy(es to 
the CC 0, interphase of the cell cycle was accomplished by 
incubaiing ligarithnucallv growing cultures (3x105 cells/ 
plate) for 90-120 hours in a medium containing 0.4% fetal 
calf scrum Quiescent cells were incubated for 20 hours in 
a fresh medium with IOC fetal calf serum in the presence of 
the tested drugs. Cell proliferation was then estimated by 
0 U k at rn orp rai ion )f [0 I]thvmidine, incubated with cells 
(1 iiC ml medium) for 2 hours Radioactivity was measured 

tih I tIter -( unt scintillation cocktail (AQIJASOI .fi Scin-
tillation cocktail available from Packard -Groningen, 
NL thL rEnds 

Ehe results, expressed as cell proliferation (as % of 
contiol) against amount of the compound of the invention 
(Lercanidipine and its enantiomers) tested, are shown in 
FIG I The decrease in [H]-thvmidinc uptake of myocvtes 
conlirmeJ the high potency of the compounds of the inven-
tion in inhibiting cell proliferation. 

Example 5 
1.1 FLUP,, ON ARIERIAI MYOCYTL MIGRATION 

Mc -,ration of rat mocvtes was examined using a 48-well 
1111r’ ch rn ta ’us chanihcr (Neuru-Probe, USA) Freshly 
Lrrpsitiized m\ocvtes prepared according to the procedure in 
Example 4\ reeme suspended in a medium supplemented 

rib 5’ I tal all sc rum (ass,i\ medium) Fhe lower wells, 
containing ol of the assay medium that included fibrino-
gcn (6(1) rig ml) irs chemotactic agent, were covered with a 
p0) vvi nvlpvrrolidone-free polvcarbonate filter (8 LIM pore 
she) I rita iii of the cell suspension (I xl 0° cells’ml) were 
placed in the upper compartment with the tested compounds. 
Incubation was carried out br 5 hours at 370 C. in an 
atmosphere of 95% air and 5% CO2. 

After iricuhirtion the filter was removed from the chamber 
and non -migrated cells were scraped from the upper surface, 
and the iiltcrs \ ashed ’a ith phosphate buffered saline three 
times. The filters were stained with Diff-Quik (Merz-Dade 
AG, Switzerland) The number of myocvtes per lOOxhigh 
power field that had migrated to the lower surface of the 
hlttrs was determined microscopically. Six high power 
fields were counted per sample and the results were aver-

The results, expressed as migration of cells (as % of 
conttnh against arnoti nt of the compound of the invention 
(Lercanidipine and its enantiomers) tested, are shown in 
Elf; 2 These data demonstrate the ability of lercanidipine, 
.r tic) its en an ilome is to interfere with the migration of arterial 
rnv,evte,s All the tested compounds were able to inhibit 
macvies tiliglation in a dose -dependent manner with the 
IRI-unantiorner sho’aing the most pronounced effect. 

Example 6A 
LEEEC1’ ON CHOLESTEROL METABOLISM IN 
MOLSL l’LRI IIJNLAL MACROIIIAGLS 

Athcromas contain two main cell types, macrophages and 
snimth niusck cells (R Ross, ,Vtirnri’ 362 801 (1993)). 
Macrophages are derived from circulating monocytes and 
arc thu main lipid -loaded cells in the lesions. The rneeha-

14 
nism by which they accumulate lipoprotein cholesterol and 
develop into foam cells depends mainly upon receptor-
mediated processes, involving the so called "scavenger 
receptor" that recognizes chemically and biologically modi-
fled LDL, such as acetyl LDL (AcLDL) and oxidized LDL 
(Y. Kurihara et al.. Curr. Opin. Lipidol 2: 295 (1991 )). The 
scavenger receptor, unlike the IJ)1 receptor, is not suhjct 
to feed-back regulation and the result is a massive accumu-
lation of cholesterol in foam cells Cholesterol accumulates 

10 
in macrophages in esteri.fied form by a process involving the 
enzyme acyl-coenzyme A-cholesterol acyltransferase 
(ACAT) which catalyzes the cholesterol esterification in 
cytoplasm (M S. Brown et al., .1. Biol. Chem. 255 9344 
(1980)). Only free cholesterol, i.e , unestcrified cholesterol 
can be removed from macrophages. 

is Cholesterol esterification induced by AcLDL in mouse 
peritoneal macrophages was investigated as follows. Mouse 
peritoneal macrophages were obtained by peritoncal lavagc 
from mice (Balb!c Charles River, Calco, Italy) three days 
after intraperitoneal injection of thioglycolate. Cells (x3x 

20 10°) were plated in 35 mm wells with Dulbecco’s minimum 
essential medium containing 10% fetal bovine serum. After 
3 hours, the dishes were washed to eliminate unattached 
cells and maintained in Dulbecco’s minimum essential 
medium plus 105 fetal bovine serum for 24 hours before 

25 use. After cell plating, experiments were performed at 370 
c 

in serum free Dulbecco’s minimum essential medium con-
taining 0.2% essentially fatty acid -free bovine serum 
albumin, AcLDL, a specific ACAT inhibitor, S-58035 (See 
C A. Ross ci al., J. Biol, Chem. 259: 815-8I 9 (1954)), and 

10 
lercanidipine, or the lercanidipine enantiomers indicated. 
Human 1.D1. (d=1.019-1 063 g/mI) were isolated from 
plasma of healthy volunteers by sequential ultracentrifuga-
lion (Beckman 1-5-50, Palo Alto, Calif). For ueeiylaiion, 
LDL were dialyzed against 0. 15 M NaCl , pH 7.4, diluted 
with an equal volume of saturated sodium acetate and - 

- treated with acetic anhydride. For [11]AcLDL, lipopro-
teins were labelled with sodium [1251 ]iodide desalted by gel 
filtration on Sephadex 0-25 eluted with phosphate buffered 
saline. Specific activity was 100-200 cpm’ng of protein 

40 
Trichloroacetic acid non-precipitablc 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 

45 
During this second incubation [i25I]AcLDL was added (50 
ugml). Cholesterol esterification was measured after addi-
tion of [1-"C] oleic acid (0.68 mCi sample) complexed with 
bovine serum albumin during the last 1 or 2 hours of 
incubation by subsequent determination of radioactivity 

50 
associated with cellular cholestervl esters. 

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, icr-
canidipine and its enantiomers inhibited, in a concentration - 

- dependent manner, op to 90% of the formation of esterifred 
cholesterol (in other words the compounds of the invention 
inhibited the esterifying effect of enzyme ACAT) induced by 
AcLDL in mouse peritoneal macrophage. The IC5, values 
for lercanidipine and the enantiomers ranged from S to 15 
pM, as shown in FIG. 3. The (R)-cnantiomer was the most 
potent compound. 

Example 613 
EFFECTS ON CHOLESTEROL METABOLISM IN 

is MOUSE PERITONEAL MACROPHAGES 
Another set of experiments was performed to evaluate the 

effect of lercanidipine on cholesterol esterification in mac-
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rophages loaded with cholesterol ester before the addition of 
the ompounds of the invention, this condition being the 
same as in foam cells 

Iclis, prepared according to the procedure in Example 
hA. are loaded with cholesteryl esters by exposure for 24 
hours to a medium containing 50g:ml acetyl LDL. ACAT 
inhibition \e ,L, then deiermrned as in Lxample 6A. 

The results, expressed as level of inhibition (as % of 
.( nirot ) agarnt amount of the compound of the Invention 
(Lereanidipine and its enantiomers) tested, are shown in 
III 4. The impounds of the invention, particularly, Icr-
canuliptrim rod its enantiomers inhibited, in a concentration 
Jepenlen: 01000cr, up to 701’r of the formation of esterifled 
chuleslerri induced by ACLDL in mouse peritoneal mac-
ophcge The lC- value for the (R)-enantiomer was about 7 

nM. the (R)-euantiomer of lercanidipine was slightly more 
potent than the racemate and (S)-lercanidipine was the least 
potent am ne the compounds tested. 

Example 7 
CHOLESTERYL ESTER HYDROLYSIS 

It was shown that lercanidipine and its enantiomers at a 5 
PM concentration did not impair the capability of the 
macrophages to hydrolyze the esterified cholesterol stored in 
the cytoplasm. These experiments were performed by incu-
bating cells preloaded with [3H]cholesterol in the presence 
of the specific ACAT inhibitor S-58035. The blockage of 
intracellular reestertticatron of cholesterol allowed the 
assessment of the ability of cells to hydrolyze the accumu-
lated cholesterol esters. 

Fir studies involving the quantitation of the hydrolysis of 
eholesteii 1 esters in c toplasmic lipid droplets, cells, pre-
pared according to the procedure in Example 6A, are loaded 
with ehelesteri] esters by exposure for 24 hours to the 
medium containing 50 ,’gml acetyl LDL. [1,2.3H] 
Cholesterol is included in all loading media at a concentra-
tion of 0.5 uCiml. After 24 hours loading period, during 
which time the radiolaheled cholesterol is incorporated and 
ester ified, the cell monolayers aie washed and incubated an 
Jd iii n.] 24 hour,., in medium containing () 11/c bovine 

sdruni albumin to allow the intracellular pools of labelled 
h te.iet I ti e]ull:hrdte to the same specific activity. To 

q000ritate ctrolestervl ester hydrolysis, the loaded cells are 
incubated hr up to 24 hours in Dulheeco’s minimum 
essential medium containing, 0.11’/i bovine serum albumin, 
Ierc.tnidrpines, and the compound S-58035, an inhibitor of 
acyl eoenLyme A-cholesterol acyltransferase. The inhibition 
of ae 1-eoeo7me A -cholesterol acyltransferase prevents the 
reesterilication of any free cholesterol generated by choles-
tervl ester hydrolysis and thus allows assessment of the 
actlu ity of the hvilrolase. the hydrolysis of the cholesteryl 
esters is quantified by determining the decrease of radiola-
heled cholesteryl esters (L. 11. Harrison et al., J. Lipid. Rca, 
31. 2187 were washed with phosphate buffered saline and 

ac ted \5 rib he \aire ,rsopropanol (3:2 v,v). The media 
were extracted with chloroform: methanol (2:1 v/v). After 
.1veni rem val, fret and esteritied cholesterol were sepa-
rated by TLC (isooctane:diethyl ether:acetic acid, 75:25:2 
by lu me Cholesterol mass or radioactivity of the spots 
\\ere determined by an enzymatic method (Boehringer 
\li ii nhci:ii, Get many) (F Bernint et al , Arlrt’mccle’roc,u 104 
19 (1993)) or by liquid scintillation counting (Lipoluma 
L uni:ic. l_ :mndgraf. The Netherlands) respectively. 

Ilie results are given in fable 2. These data show that the 
addition of lercanidipine and its enantiomers did not infiu-

c nec the cellular hydrolytic activity, documented by the 
values of radioactivity in the esterifled cholesterol fraction. 
Th. cool pou ohs ott lie inyc ntion do not impair the capability 

16 
of the macrophages to hydrolyze the esterifled cholesterol 
stored in the cytoplasm. 

TABLE 2 

EFFECT OF LERcANIDIPINE AND ITS ENANTIOMERS ON 
C1{OLESTERYL ESTER HYDROLYSIS IN MACROPIIAGES 

1, of chotesrervi ester 

AcLDL5Ougml 31–08 
10 

ACLDL 50 ,uginil + S-58035 I j,g:nrl 15 t 05 
ACLDL 50 ,ug’mi + 6-56035 1 rg’m1 + 12= 1 2 
5 x 106M L.E. 
AeLOL 50 ,ag.mI + S-58035 I jmg. nil + 14 

– 04 
5 x 10°M (S)-LE* 
AcLDL 50 pg/mt + S-58035 1 gmt + 16 – 21 - 

1 
s x iUM (Ri-LEO’ 

= lercanidipine 

Example 8 
20 EFFECTS OF LERCANIDIPINE ON CHEMICAL OXI-

DATION OF LDL 
Experimental reports ascribe a key role for the oxidative 

modification of LDL in the early stages of atherosclerosis in 
humans. These reports suggest that LDL undergoes oxida-

25 tive modifications in vivo (D. Steinberg et al., N. Eng. J. 
Med. 320: 915 (1989); D. Steinberg et al.,J/tM4 264. 3047 
(1990); D. Steinberg, Circulation 84: 1420 (1991); S. Yla-
Herttuala, Ann. Med. 23: 561 (1991); U. P. Steinhrecher, 
Curr. Opin. Lipidol. 1: 411 (1990); J. L. Witztum, Lancet 

o 344: 793 (1994)) and that oxidatively modified LDL (OX-
LDL) may induce atherogenesis by a number of 
mechanisms, including its enhanced uptake in tissue mac-
rophagcs (via the scavenger receptor pathway) which leads 
to lipid accumulation, and chemotactic activity for 

35 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,itM Cu++) 

40 in the presence of different concentrations of the test com-
pounds (0.01 PM�SO PM). The I.DL oxidation was folhsk ed 
by monitoring conjugated diene formation with a ultraviolet 
(UV) spectrometer at 234 nm 

The experimental conditions were as follows. LDL 
45 (d=1.019-1.063) were isolated from human pooled plasma 

by sequential ultracentrifugation at 4° C. and 40,000 rpm in 
a 50 Ti rotor, using a L5-50 ultracentrifuge (Beckman. Palo 
Alto, Calif.). The LDL were then dialyzed against 0.15 M 
NaCl containing 0.01% ethylenediaminetetra acetic acid pH 

50 7.4, sterilized by filtration through a 0.2 rUM Millipore 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-b, Pharmacia line 

55 Chemicals, Uppsala, Sweden). Then the LDL were filtered 
through a sterile 0.22 /4M filter In it phosphate buffered 
saline (50 ag lipoprotein protein/ml), the LDL were oxidized 
by incubation at 25° C. with 20 PM CuSO4 for 3 hours The 
lercanidipine solution was prepared as a 10 M stock 

oo solution in methanol or ethanol 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 

65 the absorbance at 234 nm at 5 min intervals during a three 
hour period, against a phosphate buffered saline blank, using 
a UV spectrophotometer (Beckman DU 640) equipped with I 
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a continuous reading and an automatic 6-cell changer. The 
time prior 1) the onset of oxidation (lag time) was calculated 
as the intercept between the line of the maximum slope of 
the prcp:ioatio[1 phase and the x-axis The results are shown 
in Fable 3 

IABLE 3 

I El-I t UI- I I SC A\tDLPro ON 11-li. I AU 11511 

OF LDL OXIDATION 

Ceica3t.ne Al Lae time 

4G546 
35 45’ j7 

110 49.8 4.7 

3 73.2 – 4.8’ 

100 212.7 
– 5.2 

F’ e 3 25 
-P . 1-

As shown in Table 3, lercanidipine, at a concentration of 
10 tiM kari increased the lag time for I.DI. oxidation, the 
time required before oxidation begins, more than 2 times. 
The J.it.L show that the effect of the racemate was 
conceritratiiiiadepeodent, with concentrations greater than 
or equal to 2 5 tiM significantly suppressing the onset of 
LDL oXiLtjtiofl. Ihe activity of the resolved enantiomers was 
comparable to that of the racemate. 

Example 9A 
LITECTS OF T[RCANTDIPINE ON CELL-MEDIATED 
OXIDAIl (iN 

The antioxidant capacity of the compounds of the 
invention, on cell -mediated oxidation, was evaluated by 
incubating I DL and mouse monocyte-macrophage cells 
(AlCU 110 67 J774A.1) with CuSO4 solution in the pres-
ence of apolipoprotein B (Apo B), lercanidipine or one of its 
enantiomeN at everal concentrations. The inhibition of 
formation of aldehvdic breakdown products, i.e., secondary 
niet,iholitcs of lipid peroxiclalion, malonic dialdehyde 
(MDA), was assessed by detection of dialdehyde formation 
u’.Lng the tin itiarhi uric acid assay (A. N I lanna el al., 
Biochni P/narniacol. 45: 753 (1993)). 

the ,tntieidanI capacity was evaluated by incubating 
ethrlene-dianiinetctraacetic acid free-LDL under sterile con-
iIiIion tb 5 tIM (u++ (100 pp Apo B ’ml) in the presence 
of J774A.1 cells Oxidation was stopped after 22 hours 
ijicuhatton by addition of hutvlated hydroxytoluenc to the 
medium (final concentration 40uM) dissolved in ethanol. To 
thc incuhatcd sample (0 250 nil), was added trichloroacetic 
acid (0 750 ml, U.U"c wv) followed by of thiobarbituric 
acid (0 750 ml. 0 6713 wv), The samples were heated at 
100’ C for 20 mm, followed by cooling and centrifugation. 
Malonic dialdehyde cqttivalcnts were calculated using 1,1. 
3,3- e r.uai thox pi opane as the standard. 

The ieulo.. expressed as nannmoles of MDA produced 
Le3a i0.f 111100111 of the compound of the invention 

( Lercanictipine and its enantinmers) tested, are shown in 
I lii 5 Ttt ie suits show that lercanidipine and its enanti-
erneis Wet effective in reducing LDL oxidation. 

Example 90 
EEFECfS OF LE.RCANIDIPINE ON CELL-MEDIATED ducer connecte 

� OXIDAtION Hewlett Packan 

,.,AV A0 A oed InAEmpltO1 0e o. toie il 

A? k’ 
on c-mediated0oxidation ae studi–’ith i 

er t oter 
sconute.dfç 

anuals 1 

O A? A 4tftit (L9T (niP ccP e01Ivccfl T 
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Prof. A. Catapano, Pharmacology Dept., Universita 
Statale�Milano.) (These or other endothelial cells can he 
obtained as described by C-J. S. Edgall et al., Proc. Nat. 
Aa4d. Sd., 80: 3734-3737, (1983); and Gimbrone. M 
I’rog. I-Ie,noalaaia Thromb., 3: 1-28, (1976)). The cells were 
treated with lercanidipine at a concentration of from about 
10 to about 100 1IM. 

The results, expressed as nanomoles of MDA produced 
against amount of l.ercanidipine, are shown in 110. 6 the 

10 
results show that lercanidipine reduced the oxidation of LDL. 
at a concentration of 10 to 100 /IM 

Example 9C 
EFFECTS OF LERCANIDIPINE ON CELT -MEDIATED 
OXIDAUON 

15 In experiments 9A and 9B, the cell -mediated oxidation 
effects 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-

20 
tion mixture was prepared according to the procedure in 
Example 9A, using lercanidipine at a concentration of 30 
1IM. Samples were withdrawn from the incubation medium 
and the oxidation product, MDA, measured as described 
above. 

25 
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 tiM, lercanidipine exerted a very high 
inhibition of lipid oxidation after 10 hours incubation. This 
shows that lercanidipine, administered at an appropriate 

30 
time is as effective on cell mediated LDL oxidation as it is 
(in (’u++ -mediated oxidation. 

Lercanidipine proved the most potent 1,4-
d1hvdropyridine 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-

- viou.sly known to have this activity. 

Example 10 
EFFECTS ON BLOOD PRESSURE IN HYPERTENSIVE 
DOGS 

40 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 .e.Lrs 
(Nossan Allevamenti, Italy) were used. Chronic sustained 

45 hypertension was induced by bilateral renal artery 
constriction, according to the Goldblatt method two -
kidney, two clip hypertension". Under barbiturate anaesthe-
sia (35 mgkg iv.), during two different surgical interven-
tions one month apart from each other, both renal arteries 

50 were clipped with original 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 mgkg i ), in 

55 sterile conditions, the dogs were catheterized by inserting an 
indwelling cannuta (PL 200 Clay Adams) intc, the .i.-ending 
aorta through the right common carotid artery. The catheter 
was subcutaneously exteriorized at the hack of the neck, 
filled with heparinized saline solution and flushed daily to 

60 prevent clotting After a week recovery time from stirgert, 
the animals were connected to a HP 1290A pressure trans-

d to an HP 8805B carrier amplifier of a 
i lIP 7700 multichannel polygraph, to mom -
blood rere.ij-ar 
theJjcssuLfa.. ç T A> 0 

were 1ternativellI treated wh placebo, ler-
ts (R)- and (5)- enantioniers. The drugs were 

Do A 11 

- a 

o A0 
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administered orally with a straight round aseptic tip catheter 
(Porus Serlat�Iraiice). l’he drugs were suspended in aque-
ous U 5% Methocel A4C plus Antifoam M10 (10%). The 
amount adnitnisicied was 1 ml’kg. 

lEe suspending medicine was used as placebo. During 
experimental performance, the arterial blood pressure was 
L0111.12000slV recorded 30 min. before (basal values) and up 
to S houts after drug administration. 

L reanidipine and (S)-lercanidipine induced it dose -
related decrease in arterial blood pressure. The ED,_, value 
(duse I[ldnclng 25 decrease in DBP at peak effect) were 
evaluated by linear regression analysis and summarized in 
the TahI. 4 

TABLE 4 

(iri°::nS ED (nigkg) 951, C.L. 

L o:e 09(0.5 i 1.6) 
:14(015.07) 

R -L r.aLpa1e ,,30 

CT. = (;--:j.-s 1jmqs 

lEe S)- Lercanidipine enantiomer exerted the most potent 
Z1111 111N p. ’.tistve action This compound was two told more 
efficacious at loweting blood pressure than the racemate. 
The (R)-etlantiomer did not affect blood pressure up to 30 
rng kg (<10% deciease in DBP). 

Lxample 11 A 
HIGH TEMPERATURE STRESS STABILITY 

1ercanidtpine hvdro.hloride hemihydrate, prepared 
according to the procedure described in U.S. Pat. No. 
4,70.707, va compared with anhydrous lercanidipine pre-
pared according to Example 3, to determine the stress 
stah:l:t cf IhL compound-,. The two samples, lercanidipine 
hvdrohtot ide -he mihydrate, and anhydrous lercanidipine 
hydrochlande were heated, in the light, at 1000 C. for 48 
bouts lbk samples osere tested at the following times; 0 
hours, 24 hours, and 48 hours The purity of the lercanid-
tPHIL  is clteck.d by HPLC analysis under the following 
conditions 

Liluittu m-Bandapak C -is (Waters), particle size 10 
00x3 9 mm i d 

20 
Example 11 B 

WAFER CONTEN’I’AT 75% REIAI1VE HUMIDITY 
Samples of anhydrous lercanidipine hydrochloride and 

lercanidipine hydrochloride hemihydrate were placed in 
5 open polyethylene bags in flasks and heated, in the dark, at 

60° C. and 75% relative 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. 

10 Two additional samples of the anhydrous lercanidipine 
hydrochloride and lercanidipine hydrochloride hem ihydrate 
were placed in open polyethylene bags in flasks and heated. 
in the dark, at 40° C. and 7511 relative humidity. The 
samples were tested as described above at 8 and 15 days. 

is The results of these tests are shown in Table 6. 

TABLE 6 

Water Content at 75% Relative Humidity 
10 

Water Content 

0 days S days j5 Jays 

60° C Anhydrous 028 0 85 0 7 
Hcmihvdrate 1 42 4.00 4 4 

25 40° C. Anhydrous 0.28 0.30 0 32 
Hemih’1 Orate 1 42 3 14 1 05 

From Table 6, it can be seen that the anhydrous lercani-
dipine has a much lower tendency to absorb water than the 

30 hemihydrate form. The lack of hvgroscopicitv isadvanta-
geous because [the anhydrous compound vu1l remain 
unchanged. Thus, it will he easier to handle during the 
preparation and dispensing of pharmaceutical formulation3 

The invention has been described above by reference to 
35 preferred embodiments but, as those skilled in 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 l.1,N-

40 trimethyl-N-(3,3-diphenylpropyl)-2-aminoethyl 1,4-
dthydro-2,6-dimethyl_4-(3_nitrop hen yl )-p rtdine -3,5 - 
dicarboxylate hydrochloride, which comprises 

Eluant I HCN (oi%) 0,15M NaC1O4 aqueous solution (a) reacting 2.6-dimcthvl-5-mcthoxvcarhonyl-4-(3- 

at pH 15 (aditsted with HClO) (3917c; v/v) 4 51 
nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid 

Elutauti isucratic 
with a halogenating agent in an aprotic solvent ic 

FlOW 1.3 mL,min 
produce 2,6-dimethyl-5-methoxycarbonyl-4-(3- 

femp 25° C. 
nitrophcnyl)-1,4-dihydropy rid ine-3 -ca rhoxylic acid 
chloride; 

Dcteciot T..\ (240 tint) 
Attenuation: 0.05 AUFS 
T1ie resutlts, expressed as assay % of the compound 

ptesent, based on an HPLC analysis, are shown in Table 5 
h. low 

TABLE c 

Stress Stability at 100° C. 

Assay % by HPLC 

u :.a 0 hi 24 his 48 his 

9901 
tienthi ic 9055 9235 9090 

From Table 5, it can he seen that the anhydrous form of 
lercanidipine hydrochloride exhibited superior stability over 
111L hvdrat cd Lrm 

0 
(h) reacting said 2,6-dirnethyl-5-methoxycarhonyl-4-(3-

nitrophenyl)- 1,4 -dihydropyridine -3  -carboxylic acid 
chloride with 2,N-dime thy] -N-(3,3-diphenvlpropvl)- I - 
amino-2-propaool in an aprotic solvent,  

(c) isolating the resultant hydrochloride compound; and 
55 (d) recrystallizing said hydrochloride compound in two 

successive steps_ regardless of sequence, from a s.lu-
tion of said compound in; 
a) an aprotic solvent; and 
ii) a protic solvent; 

00 thereby isolating methyl 1,1, N-trimcthvl-N-(3,3-
diphenylpropyl)-2-aminoethyl 1,4-dihydro-2.6-
dimethyl-4-(3-nitrophcnyl)-pyridine -3,5 -dica rhoxvlate 
as its anhydrous hydrochloride. 

2. The method according to claim 1, wherein with a 
65 halogenating consusti t 

thionyl chloride, phophorusentac’hloride, posphorus 
trichloride, phosphorus oxychloridc and oxalyl chloride. 

A 
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3 The method according to claim 1, wherein the aprotic 6. A method according to claim 5 wherein the aprotic 
)IVL 01 for said step (LI) is chloroform, dichioromethane, crystallization solvent is ethyl acetate, methyl acetate 

Wehioroethane. chlorohenzene. 1,1, 1-trichioroethane, ethyl acetone. 
icetltc. mcthl acetate, tetrahvdrofuran, dioxane, 7. The method according to claim 5 wherein the prcltic 
dimcthvlt’orrnamide, dirnethylcarbonate or any mixture 5 crystallization solvent is selected from the group consisting 
thereof of methanol, ethanol, n-propanol, i-propanol, n-hutanol, 

4 fhe method according to claim 1, wherein the aprotic s-buianol, t-butanol and mixtures thereof, optionally in a 
solvent tor said step (h) is   chlorinated or non-chlorinated mixture with water. 
solvent ScICLICJ from the group consisting of chloroform, S. The method of claim 3, wherein said aprotic solvent for 
dichloromethane, dichloroethane, chlorobenzene, 1,1,1- 10 said halogenating step (a) is ethyl acetate. 
irichloroethatic, ethyl acetate, methyl acetate, 9. The method according to claim 1, wherein the corn-
tetrahydrofuran, dioxane, N,N-dimethylformamide, pound methyl 1,1,N-trimethyl-N-(3,3-diphenylpropyl)-2-
dinicthv1carhonaie, totuene, xylcnc, an (C�C7) alkane, a arninoethyl 1,4-dihydro-2,6-dimethyl-4-(3-nitrophcnvl)-
(C0�C.,) cycloalkane and mixtures thereof. pyridine-3,5-dicarboxylate hydrochloride has a two degree 

5 The method according to claim 1 wherein the recrvs- 15 melting point within the range of 185° C. to 1900 C. 
tallizarion of said compound in said aprotic solvent precedes - - 
the recrystallization of said compound in said protic solvent. * * * * * 

*H  ?T "UU A0 tOUAXO 3t tia p1 P, � HAo L.a. A8 
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(VØase cap. 37 sobre AbsorciOn, acción y destino de 
las drogas). 

Conociendo ci efecto de particidri y Ia constante de 
disociación se puede estimar el sitio de absorción de 
una nueva entidad qulmica. Presumiendo que en el 
estómago ci pH es 1 a 3 yen ci intestino delgado 5 a 8, 
en la mayorfa de los casos las drogas Æcidas (pK1 3) se 
absorberÆn mÆs pronto en el estOmago y las mÆs bÆsi-
cas (pK 8) lo harÆn mÆs pronto en el tracto intestinal, 
pero existen excepciones porque aigunas drogas tie-
nen bajos coeficientes de partición y/o Se ionizan 
mucho en toda la gama de pH fisiolOgicos, aunque 
siempre despliegan una buena biodisponibilidad a pe-
sar de esto. 

Polimoifismo 

El polirnorfo es una fase cristalina sdlida de un 
cornpuesto dado que se debe a que pueden ocurrir por 
10 menos dos ordenamientos distintos de las moldculas 
del compuesto en el estado sOlido. La molcula misma 

Fig. 76-3. Cambio del tainafio de las parti-
culas en función del  tiempo para una suspen-
sidn acuosa de La forma I de una droga experi-
mental. 

puede ser de distinta forma en los polimorfos pew esto 
noes necesario y, en efecto, ciertos cambios de forma 
entraæan la formación de moldculas distintas y, por 
ende, no constituyen poliniorfismo. A los isdrneros 
geomØtricos 0 tautómeros, aunque sean interconverti-
bles y lo hagan en forma reversible, no se los puede 
denominar polimorfos, si bien pueden comportarse de 
nianera confusamente similar. 

Un criteno seguro para clasificar como poiimórfico 
a un sistema es ci siguiente: dos polimorfos serÆn de 
estructura cristalina distinta pero identicos en ci estado 
lfquido o de vapor. Los isómcros dinÆniicos funden a 
temperaturas distintas, lo mismo que los polimorfos, 
pero los productos fundidos son de composicidn dis-
tinta. Con ci tiempo cada uno de estos productos 
fundidos se convierte en una mezcla equilibrada de los 
dos isdmeros y sus composiciones son termodepen-
dientes. Es indudable que algunos casos publicados de 
polimorfismo son isomerismos dinÆmicos porque los 
dos se comportan de manera muy similar. 

Polimorfismo es la capacidad de cualquier elemen-
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SUSPENSION A LAS 6 HORAS 

Fig. 76.4. MicrofotografIas del carnbio de tamaæo de los cristales en una suspension de la forma I de una droga 
experimental. 

to o compuesto para cristalizar en mÆs de un sistema 
cristalino, como sucede con el carbono, que en ci 
diamante cristaliza en ci sistema cübico y en el grafito 
en ci 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. As(, Ia solubilidad, punto de 
fusion, densidad, dureza, forma de los cristales, pro-
piedades ópticas y elØctricas, presión de vapor, estabi-
lidad, etc., varIan segün Ia forma polimOrfica. En 
general. se tendrfa que poder obtener cristales de for-
was distintas de una droga y modificar asi las propie-
dades de desempeæo de ese compuesto. Para hacer 
esto hay que conocer ci comportamiento de los poli-
morfos. Se han publicado muchas reseæas sobre ci 
tema del polimorfismo. AdemÆs en la bibliografla 
aparecen muchas indicaciones de Ia importancia del 
pohmorfisrno en productos farmacØuticos. Los Era-
bajos de Kuhnert-Brandstatter y col.. con esteroides, 
barbitüncos y antihistammnicos representarian el estu-
dio màs intensivo que se ha hecho sabre polimorfismo 
ydrogas. Eninglaterra, Mesleyycol., valiØndosede 
la espectroscopia infrarroja, describieron ci polimor-
fismo de esteroides, barbitdricos y suifonamidas. Los 
estudios de preformuiación suelen incluir rigurosos 
trabajos para determinar la presencia de polimorfos en 
drogas nuevas a las cuales se prepara para hacer inves-
tigaciones preliminares en anirnales de experimenta-

ción. Entre los parametros que se investigan como 
n.itina figuran la cantidad de polimorfos que existen, ci 
grado relativo de estabilidad de los diversos polimor-
fos, la presencia de un estado vidrioso, Ia estabiliza-
ción de formas metaestables, las gamas de estabilidad 
tØrmica de cada polimorfo, solubilidades, mØtodo de 
preparación de cada forma, efecto de la micronización 
o tableteado e interacción con los componentes de la 
formulaciOn 

El cometido inicial del preformuladores determinar 
si la droga que estÆ evaluando existe en mÆs de una 
forma cristalina. Por lo general para producir Ia crista-
lizaciOn de una forma metaestabie se siguen los si-
guientes procedimientos:3 

a) Fündase por completo una pequena cantidad del com-
puesto en un portaobjeio y obsØrvese Ia solidificaciOn entre 
polares cruzados. Si luego de la congelaciOn espontÆnca se 
produce una transformación espontÆnea osi se puede inducir 
Østa mediante sembrado o raspado, es probable que existan 
por lo menos dos formas polimórtkas  del compuesto Es 
esencial prevenir la nucleación de la forma estabie inducien-
do un superenfriamiento. El superentnamierito puede indu-
cirse con una muestra pequeæa, manteniendo ci trozo fundido 
unos 30 segundos unos 10° por encima del punto de fusiOn, 
dejando cuidadosamente ci compuesto de iado sin sacudidas 
fisicas antes de observarlo y mediante enfnamiento rÆpido 
del compuesto. 

b) CaliØntese una muestra del compuesto sobre una piaca 
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del compuesto. AIslese el sOiido suspendido, Tómese  la 
precauciOn de mantener la temperatura mientras se realiza 
este paso. EnsÆyese ci material aislado con una muestra 
original utiiizando ci procedinilento que se delinea en c). 

e) RecnstalIcese ci compuesto a partir de la soluciOn 
mediante enfriamiento rÆpido y obsØrvese una porción del  
material precipitado suspendido en una gota del iIquido ma-
the. Luego Se puede sembrar la gota con ci compuesto 
onginal para verificar Ia transformación de fast de la solu-
ción. Si ci precipitado es un polimorfo distinto, tiene que 
tener Iugar una transformación de fase en la soiuciOn. 

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 rnÆs grandes para su evaluaciOn adicional y 
adecuarlas para incorporar en foras posológicas. 

HabiØndose comprobado que un compuesto existe 
en mÆs de una forma cristalina, existen varias tØcnicas 
para identificar sus distintas fases polimórficas. Cada 
una de estas tØcnicas podrIa servir para identificar la 
fase, pero adoptando una combinaciOn de mØtodos se 
puede aislar e identificar cada modificación  cristalina. 
A los efectos de confirmar la presencia de mÆs de una 

Fig. 76-7. Curvas dilatomØtricas, aceite de 
ciso (teobroma) enfriado con lentitud y con 
’apidez. 
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forma cristalina de un compuesto, conviene identifi-
car las modificaciones con mÆs de un mtodo porque a 
veces si se usa un solo mØtodo para confirmar los 
polimorfismos pueclen ocurrir equIvocos. 

Microseopia. Para identificar polimorfos se usa la cr1 sta-
lografla óptica. En su reseæa sobre cristaiografia, Biles co-
menta esta apiicación. Los cri stales existen en formas isotró-
picas y anisotrOpicas. En presencia de cristales isotropicos la 
velocidad de [a iuz es Ia misma en todas direcciones,en tanto 
que los cristales arnsotrópicos tienen dos o tres velocidades 
luininosas o Indices de refracción. Este m6todo requiere los 
servicios de un cristalógrafo avezado. 

MØtodos de etapa caliente. El nucroscopio poianzante 
dotado de una platina caliente o frla es muy ütil para investi-
gar polimorfos. El niicroscopista experimentado sabe en 
seguida si existen polimorfos, ci grado de estabilidad de las 
formas metacstabies, las temperaturas de transición y los 
puntos dc fusion, los indices de transición en diversas condi-
ciones tØrmicas y ffsicas y si se debt aprovechar el poll mor-
fismo corno recurso para mejorar una forma posológica. 
Kodiers y MCrone hacen un comentario detallado de estos 
mótodos. 

Dlfracción de rayos X en polvos. Los materiales cristali-

ACEITE DE COCO 

o-Enfriado con lentitud a 00 
�Enfriado rÆpidamente a _EJO0J 

fT 

p 
I 
1’ 

1,031 
0 10 20 

Temperatura (°C) 
30 40 



I--

1916 PREPARADO FARMACEUTICO Y SU ELABORACK5N 

nos puivcriz.aclos producen imÆgenes de difracción 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 poll-
morto. Este mØtodo tiene La ventaja, sobre otras tØcnicas de 
identiticación, en que se examina la muestra tal como se 
present.a. Hay que poner cierto cuidado para red ucir y mante-
ncr el control del tamaæo de las partIculas. Sc requiere una 
muestra muy pequeæa y ci mØtodo noes destructivo. Varios 
investigadores han hecho difracción de rayos X para identifi-
car polimorfos en productos farmacØuticos. 

Espectroscopia infrarroja. Este procedimiento es thu 
para identificar polimorfos. Deben usarse muestras sóiidas 
porque los polimorfos de un compuesto tienen espectros 
idØnticos cuando estÆn en solución. La tØcrnca se puede 
emplear para hacer identificaciones cualitativas y cuantita-
tivas. 

Mºtodos tØrmicos. La calorimetrIa de rastreo diferencial 
y el anÆlisis tØrmico diferencial se han usado extensamente 
para idenuicar polimorfos En ambos mØtodos la pØrdida o 
ganancia calôrica debida a los canibios fisicos o qulmicos 
que ocurren en una muestra, se registra en función de  la 
temperatura a! calentar Ia sustancia a in ritmo urtiforme. Las 
transiciones de fase producen cambios entªipicos  endotØrmi-
cos y exotØrmicos. Por ejemplo. La fusiOn, sublimaciOn, 
rransiciOn sóiido-sOiido y Ia pØrdidade agua suelen producir 
efectos endotºrmicos. en tanto que la crista!ización produce 
efectos exotrmicos. bI analisis trmico permite caicular los 
parÆmetros termodinÆmicos para los sistemas que se eva-
itan Guillory obtuvo ci calorde fusion del suifatiaiol y de la 
rnetiiprcdnisolona. Ravin y col, utilizaron la calonmetria de 
rastreo diferencial para seguir ci indice de conversiOn de los 
polimorfos del sulfatiazol. 

Dilatometria. La dilatonietrIa mide ci cambio de volumen 
causado por efectos tØrmicos o qulmicos. Ravin e Higuchi4 
emplearon dilatometrIa para seguir ci comportamierito de 
fusiOn del aceite de cacao midiendo el volumen especffico de 
este aceite enfriado rÆpidamente y con lentitud en función del 
aumenro de La temperatura. La presencia de una forma me-
tastable se manifestO por una contracción en La gama tØrmi-

de 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 niucho 

Para estudiar ci polimortismo se usa a veces la 
resonancia magnØtica polar, la resonancia magnØtica 
nuclear y la microscopia electrOnica. 

FORMA I 

FORMA 11 

F0,RMA I* 

Los polimorfos pueden clasificarse en dos tipos I) 
enantiotrópicos, en que una forma polimOrfica puede 
convertirse de manera reversible en La otra modifican-
do Ia temperatura o la presiOn, como el azufre, y 2) 
rnonotrópica, en que una forma polimórfica es inesta-
bie a todas las temperaturas y presiones, como los 
estearatos de glicerilo. A una temperatura y presiOn 
dadas solo una forma polimOrfica es termodinÆmica-
mente estable, pero pueden existir otras formas me-
taestables en las snismas condiciones. Estas formas 
metaestabies habrÆn de pasar a las formas de retIculo 
estable cone! correr del tiempo. La primera indicaciOn 
de La irnportancia de una trartsformaciOn polimOrfica 
en un sistema farmacdutico se notO con La novobioci-
na. La droga amorfa se absorbIa bien, pero al forrnu-
lana en suspensiOn ocurrIa una reversiOn de la forma 
metaestable a otra cristalina mÆs estable, de modo que 
se absorb ía mal. 

HabiØndose determinado que una droga existe en 
mÆs de una forma cnstalina, se deben establecer las 
condiciones en que Se puede producir cada una de 
ell as. De este modo se pueden mantener las condicio-
nes de cristalizacion apropiadas de lote en lote para 
asegurar una materia prima uniforme y acepiable. El 
disolvente de la recristalización, la velocidad de cris-
talizaciOn 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 ejernplo, durante Los 
trabajos preliminares con un derivado del indol se hizo 
calorimetria de rastreo diferencial, anÆlisis con rayos 
X y anÆiisis infrarrojo para establecer la presencia de 
polimorfos y que se los podria preparar sarisfactoria-
mente. En las 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 silas propiedades difieren o 
no to suficiente como para alterar su comportamiento 
farmacØutico o biolOgico. 

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

410 440 4S0 440 410 420 410 400 390 300 370 360 350 340 330 Fig. 76-8. Terrnograinaspara las formas l, 
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Como resultado del examen de fonda, realizado con fundamento en el artIculo 45 de 
a Decision 486 de la Comisiôn de la  Comunidad Andina, se le comunica: 

1. Documentos estudiados 

DescripciOn: Folios 182-200, 201-278 y 296 como se radicO inicialmente 
Reivindicaciones: Folios 279-296 como se radicó inicialmente 

- Prioridad: Folio 1 ITALIA, M12001A001726, 06-08-2001 

2. Objeto de la invención 

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

El problema tØcnico 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 
fisicoqulmicas), que sean ütiles en la preparaciOn de formulaciones farmacØuticas de 
caracterIsticas uniformes y definidas (par ej. solubilidad, higroscopicidad y 
biodisponibilidad) (folios 204-206 y 217-218; pÆg. 4-6 y 17-18). 

Para solucionar este problema tØcnico la solicitud en estudio proporciona en: 
Reivindicación 1: una forma sÆlida cruda (A) de clorhidrato de lercanidipina. 

ReivindicaciOn 2: la forma sôlida cruda (B) de clorhidrato de lercanidipina. 

Reivindicaciones 3-11 y 22 (en parte): un mØtodo para producir la forma sólida cruda 
(A) de clorhidrato de lercanidipina. 
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Reivindicaciones 12-21 y 22 (en parte): un mØtodo para producir la forma sólida 
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 (II) de clorhidrato de 
lercanidipina. 

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

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

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

Clasificaciôn Internacional de Patentes (IPC): C07D21 1/90, A61 K 31/44, A61 P9/12. 

3. De la solicitud de Patente 

3.1. Descripciôn (artIculo 28 D. 486) 

No es clara si en el producto ya conocido ZanedipR es normal y comün que la forma 
cristalina (I) de clorhidrato de lercanidipina estØ contenida en su formulaciOn, por la 
frase ’la forma (I) de clorhidrato de lercanidipina fue representada par una tableta de 
ZanedipR correspondiente a 10 mg de clorhidrato de lercanidipina" (folio 272; pÆg. 
72); es necesario que el solicitante aclare dicha duda. 

Por lo anterior, se concluye que en la descripciOn existe falta de claridad de la 
informaciôn de acuerdo con los requisitos del artIculo 28 DecisiOn 486. 

3.2. Reivindicaciones (artIculo 30 0 486) 

Las reivindicaciones 63-65 senalan formas de dosificación que son caracterizadas 
inadecuadamente par resultados a alcanzar (ser de liberaciOn inmediata, ser de 
IiberaciOn sostenida a par ser una mezcla de ambas), no por los elementos tØcnicos 
(activo, excipientes especificos y sus proporciones) que permiten alcanzar cada uno 
de tales resultados; adicionalmente, en la descripciOn no se encuentra soporte de 
alguna de estas composiciones especificas ni de los resultados concretos de 
liberaciôn inmediata, sostenida a mezcla de ambas liberaciones que se lograrlan. 

Las reivindicaciones 70 y 74 caracterizan inadecuadamente una campasicion 
farmacØutica por caracterIsticas (puntos de fusiOn y tamaæos de partIcula) de las 
formas cristalinas del clorhidrato de lercanidipina que contiene, las cuales no son 
caracterIsticas de la composiciOn sino del activo; se aclara que las composiciones 
deben ser caracterizadas sOlo par los elementos que la comprenden coma son 
activos, excipientes y proporciones Si es necesario. 
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For 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. Determinación del Estado de la TØcnica 

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 
tØcnica relacionados, con fecha de publicaciôn anterior a Østa. 

No Documento TItulo 
Fecha de 

Publicación 

Dl US5912351 
Anhydrous 1,4-dihydropyridines and 

15-06-1999 
salts thereof _______________ 

FD2 BibliografIa 1 Preformulación, Propiedades fisicas, 
1985 

Polimorfismo 
Anterioridad Dl en folios 319-330 y D2 en folios 331-335. 

Bibliografia 1. Farmacia Remington 2, Preformulación, Propiedadesfisicas, Polimorfismo; 17 a Edicion; 
1985, P69 1912-1913, 1915-1916 

5. AnÆlisis 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 (II) de 
clorhidrato de lercanidipina, caracterizada por un patrOn de difracciOn de rayos X (fig. 
12), por valores dados de relaciones I/lo y de Ængubos 20 de los picos significantes. 
Yen parte de las reivindicaciones 61-72 y 74 una composiciOn farmacØutica que la 
contiene incluso con otras formas de lercanidipina. 

-. Comparando la materia solicitada con el estado de la tØcnica, esta Oficina encuentra 
que: 

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

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

5.2. Nivel inventivo (artIculo18 0486) 

Se solicita en las reivindicaciones 1-2 las formas sOlidas crudas (A) y (B) de 
clorhidrato de lercanidipina, caracterizadas por tener un punto de fusiOn dado 
{(150-152)°C y(l3l-l35)°C, respectivamente]y un contenido de acetato de etilo 
dado [(3-4)% y (0,3-0,7)%, respectivamente]. 
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El estado de la tØcnica mÆs cercano es Dl que divulga una forma sôlida cruda de 
clorhidrato de lercanidipina, en cuya preparación se ha utilizado acetato de etilo 
como solvente (folio 323, 325; col. 7, 11); anotando que esta forma cruda de Dl de 
acuerdo con la solicitud (folio 221; pÆg. 21) es denominada la forma cruda (C) cuyo 
punto de fusion es (1 86-1 92)°C y tiene un contenido de acetato de etilo de (0-0,1)%. 

AsI, la soIicid se diferencia de Dl en que senala especIficamente otras formas 
sólidas crudas de clorhidrato de lercanidipina (A y B), cada una caracterizada par su 
punto de fusion y contenido de acetato de etilo. 

El Efecto TØcnico que logra la diferencia es obtener otras formas sOlidas crudas de 
clorhidrato de lercanidipina, que sean ütiles en la preparación industrial de formas 
cristahnas de cIoridrato de lercanidipina. 

De forma que, el Problema TØcnico Objetivo de la solicitud esta relacionado con la 
necesidad de obtener otras formas sOlidas crudas de clorhidrato de lercanidipina, 
que sean ütiles en la preparaciOn industrial de formas cristalinas de clorhidrato de 
lercanidipina. 

Sin embargo, se explica que para un experto en la materia el haflazgo y existencia 
de otras formas sOlidas crudas del clorhidrato de lercanidipina, diferenciables de la 
del estado de la tØcnica (forma cruda C de Dl) 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 a variables del proceso de 
obtenciOn de la forma sOlida cruda que Ia conllevan a obtener otras formas sólidas 
crudas diferentes a las de Dl, sabiendo de antemano que encontrarÆ diferencia 
entre las correspond ientes propiedades fIsicas (coma su solubilidad, punto de fusion, 
contenido de solventes, entre otras) de las diferentes formas sOlidas crudas tal coma 
se reconoce en la descripción (folio 220-225; pÆg. 20-25); asI, las formas solidas 
crudas A y B obtenidas u otras formas crudas diferentes, por ej. la forma cruda C de 
Dl, serªn ütiles en la preparaciOn de formas cristalinas de lercanidipina clorhidrato, 

� coma tambiØn se reconoce en la solicitud (folio 216; pÆg. 16). En vista de Ia anterior 
las formas sOlidas crudas A y B de clorhidrato de lercanidipina solicitadas no tienen 
nivel inventivo. 

Se solicita en las reivindicaciones 3-11 y22 (en parte) un mØtodo para producir la 
forma sOlida cruda (A) de clorhidrato de lercanidipina yen las reivindicaciones 12-
21 y 22 (en parte) un mØtodo para producir Ia forma sOlida cruda (B) de 
clorhidrato de lercanidipina, caracterizados par: 

a. reaccionar el Æcido 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 aprôtico para producir el 
correspondiente cloruro de carbonilo, 

b reaccionar in 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 

c aislar el clorhidrato de lercanidipina crudo obtenido en el paso b. y recuperar la forma cruda (A ô B) de 
clorhidrato de lercanidipina; donde este paso c. esencialmente consiste de los pasos -viii (para la forma 
cruda A) o de los pasos ’-viii’ (para la forma cruda B), que bÆsicamente se refieren a 

lavar con agua el clorhidrato de lercanidipina crudo 
- remover el agua 
- adicionar un solvente 
- enfriar la solución para obtener el solido 
- resuspender el solido en un solvente 
- enfriar la suspension 
- filtrar y secar el solido para obtener la forma sOlida cruda del clorhidrato de lercanidipina 
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El estado de la tØcnica mÆs cercano es Dl (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; pÆg. 21), que se 
caracteriza por los pasos de: 

a. reaccionar el Æcido 2,6-dimeti1-5-metoxicarboni1-4-(3-nitrofenhl)-1 ,4-dihidropiridina-3-carboxilico con un cloruro 
(como cloruro de tionilo ó cloruro de oxalilo) en un solvente aprôtico (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 aprótico (como acetato de etilo) para formar el clorhidrato de lercanidipina crudo y 

c aislar el clorhidrato de lercanidipina crudo resultante; bÆsicamente mediante pasos de lavado secuencial con 
salmuera, con soluciÆn de carboriato de sodio, con Æcido clorhIdrico 1 N y salmuera, posterior secado sobre 
sulfato de sodlo anhidro, filtrado y evaporaciôn bajo vaclo para permitir que el producto crudo cristalice. 

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

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

AsI, el problema tØcnico objetivo de la solicitud es cómo lograr obtener otras formas 
solidas crudas del clorhidrato de lercanidipina, que sean Utiles en la preparación 
industrial de formas cristalinas de clorhidrato de lercanidipina. 

No obstante, se aclara que para un experto en la materia es investigación de rutina la 
optimizaciôn de procesos, estableciendo cambios apropiados en las condiciones o 
variables del proceso de obtención de una forma sólida cruda que lo conllevan a 
obtener otras formas sólidas crudas diferentes a las de Dl, sabiendo de antemano 
que encontrarÆ diferencia en las propiedades fIsicas (como su solubilidad, punto de 
fusion, contenido de solventes, entre otras) correspond ientes entre las diferentes 
formas sôlidas crudas, tal como se reconoce en la descripciOn (folio 220-225; pâg. 
20-25), formas crudas que serÆn ütiles en la obtención industrial de formas 
cristalinas de clorhidrato de lercanidipina; por lo que tales procesos de preparaciOn 
de las formas sOlidas crudas A y B de clorhidrato de lercanidipina no tienen five! 
inventivo. 

- Se solicita en las reivindicaciones 23-24 y 73 (en parte) la forma cristalina (I) de 
clorhidrato de lercanidipina, caracterizada por un patrOn de difracción de rayos X 
(fig. 11), valores dados de relaciones 1/10 y de Ængulos 20 de los picos 
significantes. 

Y en las reivindicaciones 61-72 y 74, se solicita una composiciOn farmacØutica 
que comprende (1) clorhidrato de lercanidipina cristalino (seleccionada de la 
forma cristalina I, II y combinaciones de las mismas) y opcionalmente otras 
formas de lercanidipina y (2) al menos un excipiente o portador 

; farmacØuticamente aceptable. 

El estado de la tØcnica mªs cercano es Dl que divulga una forma cristalina anhidra 
de clorhidrato de lercanidipina (folios 323, 325; col. 7, 11, ej. 3), que exhibe superior 
estabilidad tØrmica y menor higroscopicidad que la correspondiente forma 
hemihidratada y que es por tanto ütil en el manejo y preparaciôn de diversas 
formulaciones farmacØuticas (folio 329; col 19-20). 
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Asi, la solicitud se diferencia de Dl en que seæala especIficamente la forma cristalina 
(I) del clorhidrato de lercanidipina, caracterizada par un patron de difracciOn de rayos 
X (fig. 11), valores dados de relaciones I/Ia y de angulos 20 de los picos 
significantes. 

El Efecto TØcnico 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 fisicoqulmicas), que es Util en la preparaciOn 
de formulaciones farmacØuticas de caracterIsticas uniformes y definidas, por ej. 
solubilidad, higroscopicidad y biodisponibilidad, (folios 204-206 y2l7-2l 8; pªg. 4-6 y 
17-18). 

Asi, el Problema TØcnico Objetivo de la solicitud esta relacionado con la necesidad 
de obtener formas cristalinas especificas del clorhidrato de lercanidipina en forma 
pura y reproducible a uniforme (sin que exista variabilidad en sus propiedades 
fisicoqulmicas), que sean Utiles en la preparaciOn de formulaciones farmacØuticas de 

- caracterIsticas unformes 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 farmacØuticas, no es considerado coma inesperado 
puesto que Dl ya enseæa que el clorhidrato de lercanidipina puede presentarse en 
forma cristalina y D2 establece que es de rutina comUn que entre los parÆmetros de 
investigaciOn preliminar de un compuesto se encuentre la detecciOn de polimorfismo, 
a cantidad de polimorfos, el grado relativo de estabilidad de los mismos, sus 
solubilidades, puntos de fusiOn, efectos e interacciones en composiciones 
farmacØuticas, entre otros); asimismo, es de rutina preliminar establecer las 
condiciones apropiadas de preparaciOn (solvente de cristalizaciOn, temperatura, 
agitación, etc.) de cada una de las formas cristalinas encontradas y monitorearlas 
mediante ensayos de identificaciOn par cristalografla, difracciOn de rayos X, 
calorimetrIa diferencial, solubilidad, etc. que aseguren uniformidad y repetitividad en 
a forma cristalina obtenida con un proceso dado (folios 333-335; pÆg. 1913, 1915-
1916). 

En consecuencia, el experto en la materia mediante investigaciOn de rutina (D2) 
realiza cambios en las condiciones a variables del proceso de obtenciOn de formas 
cristalinas del clorhidrato de lercanidipina (Dl) que le permitan obtener formas 
cristalinas especificas del clorhidrato de lercanidipina en forma pura y reproducible a 
uniforme (sin que exista variabilidad en sus propiedades fisicoquimicas, 
monitoreadas par diversos ensayos coma difracciOn por rayos X, punto de fusiOn, 
solubilidad, etc.); razOn par la que la forma cristalina solicitada y sus composiciones 
farmacØuticas no tienen nivel inventivo. 

Adicionalmente, y ten iendo en cuenta que la misma solicitud aclara y reconoce que 
a forma cristalina de Dl es una mezcla de diferentes formas solidas de clorhidrato 
de lercanidipina que incluye la presencia de la forma cristalina II (folios 206, 217; 
pÆg. 6, 17), las composiciones farmacØuticas solicitadas que contienen una o mâs 
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 mØtodo para producir la forma 
cristalina (I) del clorhidrato de lercanidipina y en las reivindicaciones 42-60 
mØtodos para producir la forma cristalina (II) de clorhidrato de lercanidipina, 
caracterizados por: 

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

d, adicionar a la forma cruda un alcohol 01-5 con max. 5% de agua, calentar a reflujo con agitación y producir 
una soluciôn clara; 

e. enfriar y agitar la anterior soluciôn (precipitación) hasta que la concentración del clorhidrato de lercanidipina 
disuelto sea <2%; y 

I recuperar y secar el solido de la forma cristalina (I) de clorhidrato de lercanidipina 

para obtener la forma cristalina (II) y partiendo de un clorhidrato de lercanidipina, 
realizar los pasos: 
d -f" (donde el solvente del paso d" es acetonitrilo), ó 
d’ -f’’ (donde solvente del paso d" es etanol o isopropanol con max. 10% de agua), 

o 

d -f’ (donde el solvente del paso T es polar prOtico (un alcohol C1-3) O dipolar aprótico (N-
metilpirrolidona) con max. 50% de agua) 

adicionar a la forma cruda un solvente y calentar producir una soluciôn; 
enfriar y agitar la anterior solucrón (precipitaciôn) hasta que la concentración del clorhidrato de lercanidipina 
disuelto sea < 2%; y 
recuperar y secar el solido de la forma cristalina (II) de clorhidrato de lercanidipina. 

El estado de la tØcnica mÆs cercano es Dl que divulga un proceso de obtenciôn de 
una forma cristalina anhidra del clorhidrato de lercanidipina (con mejor estabilidad 
tØrmica y menor higroscopicidad que la forma semihidratada), caracterizado por 
partir de una forma cruda del mismo clorhidrato de lercanidipina para la 
recristalización desde etanol al 99% 6 desde una soluciôn del compuesto en un 
solvente prótico (un alcohol C14 y similares, solos o en mezcla y opcionalmente con 
agua) y un solvente aprOtico (tetrahidrofurano, metil acetato, acetona y otros 
similares) (folios 323, 325, 329; cot. 7,11, 20 paso d). 

Asi que, la diferencia de la solicitud con Dl es que divulga procesos concretos 
- [pasos d -f 6 d’ -f’; d"-f", d"-f" 6 d"-f", especificando las variables o condiciones de 

solvente o mezcla de solventes, condiciones de precipitaciôn, recuperación y secado 
de la forma cristalina] para la recristalizaciOn y obtención de formas cristalinas 
especificas I y II del clorhidrato de lercanidipina. 

El efecto tØcnico que proporciona tal diferencia es lograr obtener especIficamente las 
formas cristalinas I y II del clorhidrato de lercanidipina, en forma pura y reproducible 
o uniforme (sin que exista variabilidad en sus propiedades fisicoquimicas), que son 
ütiles en la preparación de formulaciones farmacØuticas de caracteristicas uniformes 
y definidas, por ej. solubilidad, higroscopicidad y biodisponibilidad (folios 204-206 y 
217-218; pÆg. 4-6 y 17-18). 

Asi, el problema tØcnico objetivo de la solicitud es cOmo lograr obtener formas 
cristalinas especificas del clorhidrato de lercanidipina en forma pura y reproducible o 
uniforme (sin que exista variabilidad en sus propiedades fisicoqulmicas), que sean 
titiles en la preparaciOn de formulaciones farmacØuticas de caracteristicas uniformes 
y definidas (por ej. 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 Ia divulga Dl (clorhidrato de lercanidipina en 
forma cristalina), mediante investigación de rutina al modificar las condiciones en el 
proceso de cristalizaciOn u obtención de las mismas, es decir que es de rutina 
establecer las condiciones apropiadas de preparacion (solvente de cristalización, 
temperatura, agitación, etc.) de cada una de las formas cristalinas encontradas y 
monitorearlas mediante ensayos de identificaciOn por cristalografla, difracción de 
rayos X, calorimetria diferencial, solubilidad, etc. que asegure uniformidad y 
repetitividad en la forma cristalina obtenida con un proceso dado como lo senala D2 
(folios 333-335; pÆg. 1913, 1915-1916); par Ia que los mØtodos solicitados para 
prod ucir las formas cristalinas (I y II) del clorhidrato de lercanidipina no tienen nivel 
inventivo. 

6. Conclusion 

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

No Documento No 
Reivindicaciones 

Requisito que Afecta 
Afectadas  

25-26 
y 

73 (en parte) 
Novedad 

Dl US5912351 
61-72 y 74 (todas en parte)   

1-24, 27-60 
y 

73 (en parte) 
Nivel inventivo 61-72 y_74_(todas_en_parte)  

D2 Bibliografia 1 23-24 
y 

73 (en parte) 
Nivel inventivo 27-60  

En cumplimiento del artIculo 45 de la Decision 486 de la Comisión de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta dIas 
contados a partir de la fecha de notificaciOn 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 concesiOn, 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 
Øl no procede recurso alguno en la via gubernativa. 

JESEERN.E.L GARCIA-GARCIA 
Director de Nuevas Creaciones (E) 

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

CONCEPTO TECNICO EXAMINADOR TECNICO 
No. 067 COdigo No. 202079 
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