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[S]  US 4705797 described a process for the preparation of lercanidipine, the
final step of the process being a cyclisation between 1,1,N-trimethyl-N-(3,3-
diphenylpropyl)-2-aminoethyl o-acetyl-3-nitrocinnammate and methyl 3-aminocrotonate.
The lercanidipine was isolated as its hydrochloride by crystallization from water containing
HCI and NaCl. However, this process was expensive, time consuming, and resulted in
relatively low yields of lercanidipine hydrochloride. The product was a crude ill-defined
mixture, mainly of amorphous lercanidipine hydrochloride but containing from 1% to 2%

of crystalline lercanidipine hydrochloride. The product had a hydration ratio of from about
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invention is well suited for incorporation into pharmaceutical compositions and solid
dosage forms, particularly modified release pharmaceutical dosage forms comprising a
waxy matrix as a release modifying agent.

[9]1  The inventors have also discovered that the amorphous lercanidipine of the
present invention may be advantageously incorporated into immediate release
pharmaceutical compositions that have improved pharmacokinetic properties and
consequently provide rapid reduction in hypertension when administered to a patient.

Amorphous lercanidipine hydrochloride begins exerting its activity to reduce blood



dosage forns, particularly nodified rel ease

phar maceuti cal dosage forns conprising a waxy matrix
weaom/msgisease nodi fyi ng agent. [9] The i nvent OPETHERY®6/001782

al so di scovered that the anorphous | ercanidipi ne of

the present invention nmay be agdvant ageously

i ncorporated into i medi ate rel ease pharnmaceuti cal

conposi thons _tha ve d Apro har. [ | C

FRORES HErS pir 8 LR SRR RS RIETRGRY OgisSpmisty shorter than
P €iiiee N8 ddfedMTen ctilThinlS ber effedt O fallawihg eMdminfNIRLPRNOLS crystalline
| er cani di pi ne hydrochl ori de begins exerting its
lgeqapﬂlplyegﬁdrpehigaée.m oodpressure within a period of

time followng its adm nistration that is markedly

gﬂi@'{ﬁﬂRylﬁﬁ]{;ﬁﬁ FrRsi red for obtaining an effect

f crystalline | ercanidipine

hydr o or ige. . LUMVAR HE | ) ]

i nvenilmgn gﬁgvllnges a ?6&%‘%%5 gWy plﬁrﬁxé\l é‘#%r Sﬁg&hws lercanidipine
hydroeiodigi The dychpbeld lerdadilipidd ereparedsalisclosed herein is substantially
| er cani di pi ne prepared a Lscl qsed herein_.is . .
ggrgsatngnlga[sgar gy:a%ﬂ lagu% o) ?]gyga,ngaiggpr g}gﬁ%&ﬁ dhe antihypertensive effect

by BithididteRBD § paiek, BBSEeddb chRBIARERYPAIEA S Schloride.
effect when adm nistered to a patient, conpared to

cryst al1]i nén |amotgni abippétnéhehyaireotion oprovides [fon]a |method of preparing

anot her aspect. the i.nvention prqvides f.on a nethod of .
APPSR pi PSR e A e g Mereot, having
phdorred editdob@lonC ramsd tandn giffdaat eRinctid aptofite icBRiparedd to crystalline
di ssolutiaon profiles and different kinetic profile
keseapidinme thydeachloride T ppdielan pabpdimenh i Beeniden gevides a method

th ﬁ}g gﬂlgé Iaﬁpllrd pg}l:§ %Q%h&@%bhdgrﬁg%fgg%hﬁ?iﬁgfg%b Q%§ol@ing crystalline
Feycimidipine tiydepchtumioeiis iangrialic dolsemilaf ianfystteyrgteadtivienia the range from
lfﬂ?c?t& ?’Jr(l)%’g hgégg%ﬁ(g&?tﬁ %ﬁél a? ﬁﬁ}b go]ﬁﬁ%tgnraga&lgf th% %éeﬁnogut?otn % water at a
ahipdrataldf the rddde Mdin bbbt °80b Wbb@M o addi B hgedipfift, maintaining

sol'ution to water at a tenperature in the range from _
tisoprecipiate it ajoupe2@ICin thef rangs fopr dwiupil fGtte about 20°C , for a period

i nt.ai ni,ng th ecipitate at. a.tenperature in.he .
PRRGEY 8 i abrit e hotis s i ring discotp By eigadipite hydrochloride.
from ghput 14 ah@th@pedifid ¢mbodintent, INEIpleSHd WBlehtién pRRides for a method
anor phous | ercani di pi ne hydrochloride. [12] In another

oppreppiieg anBmerhons leregudipine dwdtochlerida compriging thejsigps of dissolving

R ROl SRARIAL TR RS LSUGR R Brporating e
ofgesicollven€ ahé kesdRemhgihs ambdyshons Mrednidpine hyafdchlogidsl C

solvent, rapidly evaporating the ) i ) ) .
[13] In still another embodimeént, the present invention provides for rapid action

pharmaceutical compositions and solid dosage forms, and in particular immediate release

pharmaceutical compositions, comprising substantially purified amorphous lercanidipine
hydrochloride.

BRIEF DESCRIPTION OF THE DRAWINGS

[14] Figure 1 is a comparison of the X-ray powder diffraction spectra of
crystalline lercanidipine hydrochloride (form I and form II) and amorphous lercanidipine

hydrochloride.
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[21] The term “patient” refers to a mammal (e.g., a human) suffering from or at
risk of developing the particular condition to be treated, e.g., essential hypertension,
secondary hypertension, isolated systolic hypertension, coronary heart disease (e.g.,
chronic stable angina, myocardial infarction), congestive heart failure. The present
invention is particularly applicable to patients suffering from hypertensive crisis or angina
or other conditions where rapid vasodilation is indicated. Blood pressure may be measured
using a manual sphygmomanometer, automatic/electronic devices or ambulatory blood
pressure monitoring.

[22] The term “pharmaceutically acceptable” means compositions that are
compatible for in vivo use. Preferred pharmaceutically acceptable compositions include

compositions approved for use in animals, particularly humans, by a regulatory agency of
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embodiment, blood pressure is measured with a sphygmomanometer.

[25] The term “systolic” as applied to blood pressure refers to the pressure
induced upon contraction of the heart. The term “diastolic” as applied to blood pressure
refers to the pressure induced upon dilatation of the cavities of the heart. Typically, blood
pressure is expressed as two numbers separated by a slash, where the first number is the
systolic pressure and the second number is the diastolic pressure. Blood pressure is
conventionally expressed as millimeters of mercury (mm Hg).

[26] Blood pressure in normal and hypertensive adults is typically categorized as

follows:
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hydrochloride when administered to a human patient.

[31] The terms “treat” and “treating” refer to reducing or relieving hypertension,
e.g., decreasing either systolic or diastolic blood pressure in a patient by at least about 5
mm Hg, preferably by at least about 10 mm Hg, and more preferably by at least about 15
mm Hg.

Preparation of Amorphous Lercanidipine Hydrochloride
[32] The invention provides a substantially pure amorphous lercanidipine

hydrochloride, particularly an amorphous lercanidipine hydrochloride having a purity of at
least about 95% and more preferably at least about 97%, even more preferably at least
about 99% and still more preferably at least about 99.5%. The purity of the amorphous

lercanidipine hydrochloride of the present invention may be determined by any method
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d| ast d§$3]c Bhecdventiess provides metbads eft pisparing lagwsphous 1ercamd1p1ne

AN DL R T —"

ﬁ’i’ g8 Q@bs’ﬁﬂtﬁtﬂy YurdRite RGN dg-ﬁhﬁr%ﬂédl @bty ied @@ﬂfér@ﬂitl sirmacokinetics
[32] The invention provi subst antl ally

BIRPERISs womperedatei thops AE ofira kaewneiorae o dﬁticaméww hydrgghloride and

%ﬁﬁg@@? Yy r@g%aﬂk dl%r@)l%han r 8f %% {érﬁg b?% 1}1%@ lﬁ?&lro}fhlonde The

adnoqﬂmﬁs? Bérc@!&ﬁpmﬁmyérophbhde alﬁ lthe Iﬁtesdne aﬁ?bnmhomteaQLW/mmntj)orated into

|II nor e referabl st about 99.5% The purity
Bharpec et ijogs & ﬁcawrffq%%g BPdchl ori de of the

pr esegﬁég:r NYieBhé Q&Bﬂﬁheﬁ? aﬁ%rgﬁdﬁs rl@t‘éalgﬁlp"ﬁﬁyhﬁ&mm%repared by

i ncl udi ng, [imted'to
pmcmmahamc&om quirifiedh reoystetl gy alptoﬂm(dm@) hﬁdra&th}sm@ Piferably  the

er.cani.di ne, h r.ef era . . qe
BRIBARLY  teBEf R s Gds LRy Lol | difeoif A inftaling leroanidipine
hydtoolelbtias irfeén oftaflicisdlvelr & Pfisf Rhdlatukif ehedfange from about 30° C to
substantjally free of crystalline_|ercanidipine

RYeHE 96h Colei fam aTlivst splvwtiqihandsther péding gpepﬁlﬁbsoluﬁon to water at a second

pal(rﬁ% IC ee qé:tfzijéér og %8%9%%9 r ?f%lbﬁ{%(ggw—@ Pfteﬁe Ahe precipitate

pr meintisedna tthostsond tempemaunerm)m abclsm Hdvosird ‘e,rabant M houre, followed by
h%;erochl orid Ee hod 8 ﬁlp aed herein yield

SRR B O OB MR AR BI PAPSEROBRF de | 1 a

subst an4y alphdfeRbl Sfgadli@t@ve?@YidMste TR aMEHoS BB |tb tﬁblar protic or

and di fferent cI)har macokl neti cs properties conpared
ap@ge sofventshand knxtwres thercofs S@italj)le rveaeri mispible solvents 1nclude alcohols,

(S0 105 O TR oo, £ SUSLL KAR Ly .o
alkyl ketones such as acetone chlorinated solvents such as dichloromethane; and amides
such as dimethylformamide. Particularly preferred solvents include methanol and
dichloromethane. Mixtures of methanol and ethanol are also preferred.

[36] In another embodiment, amorphous lercanidipine hydrochloride is prepared
by evaporation. Preferably a solution of crystalline lercanidipine hydrochloride is prepared
by dissolving the hydrochloride salt in an organic solvent. Preferred organic solvents
include, but are not limited to polar protic and aprotic solvents, such as alcohols, preferably
lower alkyl alcohols, chlorinated solvents, such as dichloromethane and mixtures thereof.
One particularly preferred solvent is methanol. The solvent is then removed from the

solution by evaporation, using techniques well known in the art. For example, without
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enbodi nent, anorphous | ercani di pi ne hydrochloride is

prepared by precipitation fromgurified crystalline
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at a second tenperature in the range fromabout 1 to
PhApaefitieal goﬁf%gﬁtﬁnpreci pitate. The precipitate is

our s 1951 adgUeDBRSIGGARIRIEY Royae s BEGyER pyghe methods disclosed
ABRED ARkIS bé EbAANAEH BhRE pheHae&H Al k8ipodiBas. Rﬁeél%r Elﬁgodlmen‘c the

organi ¢ ‘solvents include, but are not [imted to polar
prasentc invientagn qroddeso Iavphﬁrmace;,malnmmpos’som hensising essentially of a

AT RN R R T ——

ayieoblbridkehenes, leddt efmRr &ﬁhyorﬁht (s6lecteB) froml Hel glodbOBBRisting of a
such as acetone; chlorinated solvents such as

ah@ma@w&r?@llﬁameptdﬂ@l carigieer diluantafamrart ﬁweﬁ'@nmrﬁr%éwaﬂ% dye,

g %H%ﬁeﬁbﬁlgﬁe{ggflt%‘dfs?grs :hg C%%H{ %{)L g%rl&ug& gé%lr%]]rfano 1en ﬁlm forming

agan, pitefcent; edastifiz6l ddiblanl, e Ql’dimlﬁrn”hﬂta prfEfdah smbodlment the
Igrcanldlp ne hydrochloride js prepared b
P ] comp%irﬁé%er (osage PH@lCGHIPéHSC%ﬁWéH ;400 mg amorphous

h&éaﬁﬁ‘&lgﬂiem odRYHIRC ﬁroe[ll H&s! fsdibseh q{ef‘éiiﬁl. tpe'rﬁfé'.ractﬁﬁl b Mmposition or

t he hydroc or| e sa In an organic solv
Bogsze rfprl oorrgnalﬂe:scfreml abent ¢ tb rRd0udg ,anfzuphcass dencamidipine hydrochloride,

limt to pol.ar .protic and aprotic solvents, such as
ET%%F}@??O%E bigfvm%?ﬁé?gié‘? E@F‘gal cohol s, chl ori nat ed

sol ven s %ﬁﬁﬁbl@?bﬂhﬁ'@éﬂkﬁﬁ?%@ﬁ?ﬁb%ﬂi@ré‘ Bf’&ﬁufents include, but are not
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listitedriol etipinel, swatere rgtlyqeeoli heopyleoeglyeblf alom \tehae gel, allantoin, lactose,

?n%%%ﬁé@%ll%ry Cﬁglﬁl%or AUl bl 41\)11%&)%15%%# ggiil Sw\ﬁlle phospﬂa&e sugar, fructose,

QURDSY, AbibHd], UnHekiny QAR AEatﬂpE foflk] @il AT, EPEFBRIyYistyl propionate,
carri ed out under vacuum at tenperature in the ran

FIagResiyE Ferbogate R%asﬁMPhQﬁQh@e:aWﬁetﬁb@tOﬂp primat ey ayldaspﬂ@tal
t
SR8 BaRlorp BRike G i RSB AR SEIRREL P com s,

sodiumetstaocts glycotdt@s eetlium crosscarmellose, methyl cellulose, agar, bentonite,

xanthan gum, sodium starch glycolate, crosspovidone and the like.

[40] Suitable lubricants include, but are not limited to, sodium oleate, sodium
stearate, sodium stearyl fumarate, magnesium stearate, stearic acid, sodium benzoate,
sodium acetate, sodium chloride and the like.

[41] A suitable film forming agent is, but is not limited to, hydroxypropyl methyl
cellulose (hypromellose), ethyl cellulose, shellac, sucrose, acrylic acids derivatives (e.g.
methacrylic acid copolymer, ammonio methacrylate copolymer), or mixtures of two or

more of these substances, and the like.
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conpositions. In one enbodi nent, the present invention
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essentially of -a therapeutically effective anmount of

substantial ly pure anorphous |e&xrcanidipine
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mgcrysta]]llrle@elﬁlﬁlﬁse”;ghmmphmja‘hydew)ﬁ&; lagérpagaeand gelatin.
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gel #43]anSaitable lcakiate inciide batr ¥ trdk llinfieedC®)| FaHioIRide(s), titanium
Pl QR pigspate; o2l cium phosphat s, “eugar,
Oi | S, [#nesaltamit ledibi S’ESO MR ¥t B{eq{% ?xﬂ{e%. ﬁon@g@oﬁlﬁ%&ﬂ, sesame

car bonat e, pot assi um sp ate veget abl e 0i
oilJ cocamat Oslcﬁnldqiealhut 0[1139] Sui tabl e disintegrants
e,no ted. to, starc

inclu t corn
st ar Cﬁ% ]Soguﬁ%lgtbg? hS 51[ { b ales%(gl lmﬁtec? to, either individually or in

CoabineRsHBLERSS oo [@ﬁlh?iucé‘@ Lal @S %elhﬁgér mafRfRkQNé Qs but not limited
xant han glum so i um starch’ glycol ate, Crosspovi
¢

%@qthséc futese 2[11410510dm patbbneym@tbylucdadm j slginimlagid kautl salts of alginic

t t
setsear %ﬁ‘g}lﬁ%r féﬁ%‘é’ eEangiXCé’ ?@nﬁgg‘% gﬁlg’?"tc‘:ha“de acids;

| bmt@hut@quo%mubﬁpﬁ@amne S@thi!dﬁh@C eﬁo@yrﬁethéﬁsilatam (‘s'alzlwsd Sudragit™);
41] A suitable filmt orm ng agent is,

he ik
Aiftoxgraptl b3 xléfdluel@e GHEMiSy ph}@i@@/xypm}ﬁybelhléd»seul(ﬁhmelm), ethiy]
SHRTBIRS), pfdodilinGEN SRS e, L ACH 1 3YE RS Starch 1500).

copol y4&r , Eaﬁﬂfrpl’es Q)f mﬂhﬁﬁalyiic&ﬁtﬁ}veﬁc?lﬂ@lh&m@t,ar@ hot limited to, sorbitol,
ﬁlxttures éuf; re of these substances, and the
% &Y pCIG f1F E)‘IuB1 phate apolidexigshendi ng agent s

i ncl uglen) bt %ﬁmﬁ‘é&%%t:ldafncbﬁ 1ﬁonss¥f]{ ﬁﬁr&&en?ﬂ%eﬂ%ﬁj Enaay optionally

guns, such as ‘veget abl e gu acaci
mcbldnaat 6]mdertingibgyer. The coating layer may consists of a film forming agent, a

plasticizer, an anti-adherent agent and colorants. However, any coating known in the art
may be used.

[50] The pharmaceutical compositions of the present invention may preferably
comprises amorphous lercanidipine hydrochloride in any amount from about 0.001 to about
0.2 mg per mg of the total composition, and more preferably from about 0.005 mg to about
0.15 mg per mg of the total composition and most preferably from about 0.01 mg to about
0.1 mg per mg of the total composition. Preferably a pharmaceutical compositions of the

present invention has a weight in the range from about 50 to about 400 mg and comprises
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met ahydr oxi de, agar-agar and ggpatin. [43]
Anti -adherents and glidants Include , but are not
limted t tal c, .cal ci,um siljcate, magnesiu
ah A6 ot PhgisdF e R G e R it Tram apout S to about 40
m%?,\%ht Sthe@ftSup REAUALS0 RiglofaESyvd Wblent drBlcb@EmbRited.
pol yet hyl ene gl ycols of different nolecular weights. ) ]
(e. g. [5PboIisemeeioayd embodiment, the phasmeccatienl spooppsitipe is an immediate

[ . . Sui I | orants..i . byt .are. nat )
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mitention adniked it edlublel sl GsoliAS borpbiealy, su@didéLrigis| Sisintegrants,
i nclude, but are not limted to, cottonseed oil

dilere and [ubricaptsrirelesahly apen paministragon to popfientyihedpmeediate release
i . i t. 3 L m . . i .

oG o 1, MG s nsiol Pbouts B h 6bid e & dfagena concentration of

ddromddipines Pafahblyadhlinisosieoneithe immedatecieieass cdtjpositivns results in a

limted to, nmethylcellulose and. sodiu ) )

CHFHBNPRIEHRA PR of ?%rpagmiwale&g iaaﬂ%ﬁ&bgaﬁ t&ngiml (Crma) in a time

ahtShal & tBE kdhge TRADASIY A &) ATuD LIkt CAt 8. ,

pol yet hyl ene "gl ycol ; guar gum polysacchari de aci ds;

bent ordPZEs In pairyfeineg lempodiiantiche irimediattoretepse composition comprises a

|y et | h dragit(tm); Cmar
R BBl et WoRE i o SRR Pl spmegnsygyay be one or more
of | the!laGsemeiflisieal Whied kolublehihd/6 idsBlubke cArEeRO PebfetrBd Mater soluble
pregel ati nized starch (e.g., National (tm 151 1 and

Spiiesh inokpty) for ggampleagnsiess, fchaaslisteresel lagtast, tiiweéese, or mannitol.
i 0 0 o ST e .
[diIftedibet mhgrbepayudiecal the afpremichiiaied difintdgeanpy; @aé mieferably sodium
SOl el Ll e s Tl meoaty pg Larer
l?gﬁg?ng%@fﬂlﬂ%hé ¢h&FAlonedNTRE tlﬁbrﬁzgﬁtﬁigl\%ztbeagﬁn bn@n¢ ﬂrwiea ;lforementioned

( However, any coati ng in the art
thebripgptg, arjdsopfeTibdy plagnesauestcael conpositions of the

P A B e by R TR 3y AREIHR i s
Qf QR¥ladii9e AbO and s3Il RRY inSEuIE cbRPohf@bn GRIPQRES TR mixture may
and nore preferably fromabout 0.005 ng to about

be deposited by wet massing and extrusion, granulation, spray drying or deposited using
other methods known in the art. Additionally, the mixture may be used in the preparation
of a suspension, filled into capsules, pressed into tablets or filled into sachets.

[54] The immediate release composition may optionally include a film coating to
improve the durability, appearance and/or handling of the composition. Preferably the film
coating does not interfere with the dissolution and/or pharmacokinetic properties of the
immediate release composition. Examples of film coatings contemplated by the present
invention include, but are not limited to, those that include hydroxypropylmethyl cellulose
and polymethacrylates. However, any coating known in the art may be used.

[55] The immediate release pharmaceutical compositions may also optionally

include additional excipients to improve appearance, handling and processing properties

and/or dissolution properties of the active ingredient. Additional excipients contemplated
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conpo§idli o ewotheri gnbaglimbe thevnphples| lercavidipdng hydrochloride of the
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b vl @y o PDiPE N U0 SOLER Biehiea ot Eyedtons comprising
sh&ipRbey1a0hSdipRienHedrdchlonde |auBr & GRS suidtflcer aBk Ymodified release
upon adm nistration to a patient, the imediate
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saypmercialyrayeiable rearjdipine Aydiogiloride appgdiaterelense trhlgtjeln particular,
7 ' s a
SBEPRRHIR 1P 2Rt BT LGRS TR SRl b sPmean plasma
canpnsatidnost lemapidipges ofgeater ithem, abaut D Si nd/mdy f@amndt, leat about 24 hours
jéﬂigr i.cant and a binder. The carrier conponent may be
VRS AYPRIYHELP e af or enent i oned water sol ubl e and/ or

i nsol ybje GRE S Swaky SlRfmeeh WaLS o SOPYRIESARY fubSfafice with a low
i ncl ude,” for exanple "a sugar, such as ‘sucrose,

mebingspoint. r'iWexs sybstmceiamayt efer tPrafeetype cofwangyound or a mixture of

B S h i, ST e g . oot o
Bidtopiific WrefofRd a7 SuBRANRE 8kt (H1pdleIR0 FARt Ryl aidls, e. %,epolyethylene

preferably sodium Starch glycol ate. The bi nder may be
akygolo pelyafropyiencaglye@ nestars ane daty maisk slycendesppred epabinption thereof.

.yl ' V] . { cant may be
SR RS APTE SR b e BRI,
pr ef es8) y Thegerasidoids e asal Bereinadfersi fea subegicatigat is solid or semi-
rel ease conpositions may be forned by deposjting a L
fRlict efrroopy tepperaiie Klencey aniised igrainy 4 ptodids sHbytanes | my| kecome liquid
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Site wet massing and extrusion, granulation,
spray [89lyi Fgttypraciegbsetidet matably dorhease metrhadifiedk melatsei formulations

th ri. Additionally, the mxture may, be used in the

eGP oot Caaiu ik e, SRR 11660 2hich 2higatsedn one aspec, the
ph&aamesutat &rﬁﬁmtﬁ;ﬁ oPkhd 1%116.%6%@ iﬂv@hﬁ’o&ﬁﬁ? ehctudd ME or M6re long chain
I mredi ate rel ease conposition nmay optiohally include a

{Ciantoc 63a1)i Fajtyt acid glycerides (including monoesters, diesters and/or triesters of
glycerol). Examples of long chain fatty acid glycerides , within the scope of the present
invention are Compritol 888 ATO™ and Precirol ATO 5™ (commercially available from
Gattefossé Corporation , Paramus, NJ)

[60] Additional preferred fatty acid glycerides, suitable for use herein include
one or more medium chain (Cg to Cj;) fatty acid glycerides such as one or more
triglycerides of Cg to Cy; fatty acids. One example of one medium chain fatty acid
triglyceride, within the scope of the present invention is Miglyol™ 812 (commercially

available from Condea Chemie GmbH, Cranford, NJ).
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glygerdestase eemmsroiallyavatshle updes the saae Celisigos (@tiphiassé Corporation,
b o ]tqg) a nean plasma concentration of | ercanidipine
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I erature.

T T N —
bt detcghidipine of greater than about 0.5 ng/ml for at least about 24 hours following
administration.

[65] In another embodiment, the modified release composition comprises an inert
core, amorphous lercanidipine hydrochloride and a hydrophilic polymer. The term
“hydrophilic polymer” refers to a solid polymeric substance with a low melting point. The
hydrophilic polymer may be either a single polymeric entity or a mixture of two or more
polymers, depending on the desired modified release properties. Exemplary hydrophilic
polymers may be found among tablet binders, suspending or viscosity increasing agents,

and film forming agents. Preferred hydrophilic polymers are cellulose derivative, for

example, hydroxypropyl methyl cellulose, ethyl cellulose, methyl cellulose, sodium
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present invention with a pharmaceutically acceptable carrier and any other desired
additives as described above. The mixture is typically mixed until a homogeneous mixture
of the active agents of the present invention and the carrier and any other desired additives
is formed, i.e., until the active agent is dispersed evenly throughout the composition. In this
case, the compositions can be formed as dry or moist granules.

[69] Tablets or pills can be coated or otherwise compounded to form a unit
dosage form which has delayed and/or prolonged action, such as time release and sustained
release unit dosage forms. For example, the tablet or pill can comprise an inner dosage and
an outer dosage component, the latter being in the form of a layer or envelope over the

former. The two components can be separated by an enteric layer which serves to resist

disintegration in the stomach and permits the inner component to pass intact into the

duodenum or to be delayed in release.
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[74] The active agent also can be administered in the form of liposome delivery
systems, such as small unilamellar vesicles, large unilamellar vesicles and multilamellar
vesicles. Liposomes can be formed from a variety of phospholipids, such as cholesterol,
stearylamine or phosphafidylcholines.

[75] The amorphous lercanidipine hydrochloride may be coupled with soluble
polymers as targetable drug carriers. Such polymers include, but are not limited to,
polyvinyl-pyrrolidone, pyran copolymer, polyhydroxypropylmethacryl-amidephenol,
polyhydroxyethylaspartamide-phenol, and polyethyleneoxideopolylysine substituted with

palmitoyl residues.
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a W th t
s11algf?: JFLQ/ amorphous Fonn thereof of the invention may be combined with any known

drug therapy, preferably for treatment of hypertension. For example, an immediate release
composition of the present invention may be combined with an ACE inhibitor, such as
enalapril, described in US 2003/00180355, or with lisinopril as described in US
2004/0147566. Lercanidipine may also be combined with an angiotensin II receptor
blocker (ARB), as disclosed in US 2004/0198789, for example. Also contemplated by the
present invention is addition of a diuretic or a receptor blocker to the lercanidipine

formulation. Exemplary diuretics include thiazide diuretics, potassium sparing diuretics,
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gased upon the total weight of the dosage form. Transdermal dosage forms contain from

about 0.01% to about 100% by weight of the active agents, based upon 100% total weight
of the dosage.

[83] In a preferred embodiment of the present invention, the composition is
administered daily fo the patient. In a further preferred embodiment, the pharmaceutical
composition or dosage form is administered daily in an amount in the range from about 0.1
to 400 mg of amorphous lercanidipine hydrochloride, more preferably from about 1 to 200
mg, and even more preferably from about 5 to 40 mg.

[84] Preferably upon administration of the substantially pure amorphous
lercanidipine hydrochloride of the present invention, a patient's blood pressure is reduced

rapidly by a predetermined increment. Preferably the reduction of systolic blood pressure is
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preferably for treatnent of hypertension. For
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Pnh. it " Correailing qgwy%n@wm ydespridh 650th sRecordati, S.p.A., Milan
B007ABLAG3ER 1 W b Aakaneti BSGE S5 By, o 4
mm}m@umwntmﬂed ¢ylmddegtreactor, equipped with a mechanical stitrer, Gooch Filter
and dropping funnel, was cooled to between 0 and 5°C. The warm crystalline lercanidipine
hydrochloride/methanol solution was added dropwise to the reactor using the funnel, over a
period of not less than 6 hours, while maintaining the reactor at about 5°C. The resulting
suspension was stirred for about 16 hours at a temperature between about 2 and 5°C. The
resulting suspension was filtered under vacuum through the Gooch filter. The solid
obtained was dried in an air stream at room temperature for 48 hours followed by vacuum
drying at 70°C for 30 hours to yield amorphous lercanidipine hydrochloride (72.8% yield) ,
HPLC assay : 99.6%.

[88] The resulting substantially pure amorphous lercanidipine hydrochloride was
micronized by a jet-mill process using a MICRONETTE M300 (Nuova Guseo, Villanova
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vei ghtionf The #lEs&@e solubility of amorphous lercanidipine hydrochloride, was
compared to the solubility of crystalline lercanidipine hydrochloride. The solubility of the
respective samples was determined by suspending 20-30 mg of sample test was in 10 ml
water and stirring at 27-28 °C for 24 hr. The sample was then filtered fhrough a PVDF filter
(0.2 micron) and the solution diluted with acetonitrile and analyzed by HPLC. The results

i

are shown in Table 1, above.

Example 3: Pharmacokinetic properties of amorphous lercanidipine HCI
compared to crystalline lercanidipine HCI

The bioavailability of amorphous lercanidipine hydrochloride was compared to

commercially available crystalline lercanidipine hydrochloride (Zanidip™, Recordati,
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two enantiomers of lercanidipine were separated on a Chirobiotic V column (Vancomycin)
(particle size 5 pm, column size 150 x 4.6 mm (ASTEC, Whippany, New Jersey) and were
detected with a mass spectrometer (MS/MS) using an electrospray technique. The
analytical method was validated in a concentration range between 0.2 and 20 ng/ml of
plasma for both enantiomers. The method has shown to be specific with an accuracy of
15%.

[94]

in Figs. 2 and 3. The pharmacokinetic data are summarized in the Tables 4 and 5 below.

The mean plasma levels of S- and R-lercanidipine for both forms are shown
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15% [94] The nean plasma |levels of S and

R-1 ercani di pine for both fornms are shown in Figs. 2
wanweds98he phar macoki netic data are sunmari zedCT/MEPRID6/001782

Tables 4 and 5 bel ow. Tabl e 4 Conparative

pharmacoki netic data for S |egganidipine

hydr ochl ori de anor hous form and crystalline | ercanidi

ine h drochloride Table 5 Conparative pharnmakokinetic

R- | ercani di pi ne hydrochl ori de anor hous form

and cr stalline lercanidi ine h drochlorideCLA Ms: 1.

Anor pAhweughoue tereanidipimie e divgblionidé havingl e phetyi ofpt feapt@3%.y

of at least 95% 2. Anorphous | ercanidipine

1 S5 bS5 RA R T b BN BBy o

hydr gqbdspnogde according to claim 1l and having a purity

of at least 99.5% 4. Anorphous | ercanidipine

hydrochl ori de according to_any one of clains 1 tg 3. )
and Berophoss bereamidipie Rydrochiorisie aseqrding tojgkam 1 and having a purity of
Iercgng%&gég%)hydrochloride. 5. Anor phous "

| ercani di pi'ne hydrochl oride accordi ng any one of

clainms 1 to 4 and being mcronised to a particle size

6f DA@SOPYous 1dSamidipne Wydpochieisde dasprdime tpaepanaof clkins 1 to 3 and

anor phous .| er i di pi pe rochl ori.de, ,the QGess
conphnt spspasially EefphHing e dihEe nRsRBeE: ne
hydrochl oride in an organic solvent; and (b) isolating
gnor due & idhipRie s droct1opab laedor dig Rty ©hé BEElainhs 1 to 4 and being
adding the solution to water to forma precipitate,
and Batrpeised g pasclp sigeiopPr@0%) <ddupi ) evaporati ng
off the organic solvent. 7. A process according to
| ai i j [ At .1.Sa: i.C
G el & S8 A AR oo Yy Rodb Bl the process
accocathpgsitg cl ai m 6 in which the organic solvent is
an al cohol, ketone,

(a) dissolving crystalline lercanidipine hydrochloride in an organic solvent; and
(b) isolating amorphous lercanidipine hydrochloride by either

(i) adding the solution to water to form a precipitate, and collecting the

precipitate, or
(i) evaporating off the organic solvent.

7. A process according to claim 6 in which the organic solvent is a polar protic or

aprotic solvent or a mixture thereof.

8. A process according to claim 6 in which the organic solvent is an alcohol, ketone,

chlorinated solvent or amide.

9. A process according to claim 6 in which the organic solvent is methanol or

dichloromethane.

10. A process according to claim 6 in which the organic solvent is acetone,

dimethylformamide or a mixture of methanol and ethanol.



chlorinated solvent or amde. 9. A process according

to claim6 in which the organic solvent is nethanol or
wdiedslogysnet hane. 10. A process accordi ng to clkarmr80s/001782

whi ch the organic solvent is acetone,

di met hyl f or mam de or a m xturef nmethanol and

et hanol . 11. A process according to any one of clains 6

to 10 in which step (a) is carried qut at . . .

Uerrp/grpa@qﬁﬁ%awr 13 é@)cf@et%’ 61930 %VﬂP@b%tﬁlé (a) is carried out at a

aCC%ﬁkB&t&rQoP?}S ofeced s6dcai ms 6 to 11 in which the

water rn step isnis at a tenperature of fromIOC to

2Q0C and the solution is stood at that tenperature for
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sol vegt 24 Bogb iealRepeBigRAtione beBodipleled. enper at ur e of
from20 to 40C. 14. A pharnmaceutical conposition
conpri si ng anor phous | ercani di pi ne hydrochl ori de .
b%coAdqrg@es§ @cgmg}mg de agy aegnfalaimsigtolpin mlbﬂ@u%vaporatlon of the
| er capi di; pi i °
accorny & AR AENBAAS: PIERRSE, B dull3h Rotbec.
pharmaceutically acceptable diluent, carrier and/or
Bkci pi grtrmadénticll plmapoyimautinyaisinn amosphous Aeam dipiienydrochloride
to claim.14, the conposition containing at |east.one .
conpRREHIIE &9 2BY GBS AT HIERS,hdP ralbamoBol ISCauhiedts bydrochloride
di | gfﬁ@f)areiﬁ lh@\AOHEBB accOYERE BNSy ol SIS@AIMALG M€L3 SMea pharmaceutically
bi nder, suspendi ng agent, viscosity increasing agent,
di spaceptableasigaent, casBerandanexcigiest. nt egrant, | ubri cant,
anti oxi dant, plasticizer and edible oil. 16. A

ar . 1. 3 . c | . e -
e bh e WS UHLA R AFRHE R BBk ) Bidiheiiclbontining o
cont Jeastiong catnpbres selocted faxya phidrsiaecitieallyl Zccepiable diluent, flavourant,
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whi CW%%GWW% fafte Guades, Eﬂfp%fﬁ% REPILs ISEQsIycypFreasing agent,
est edlisMrsiflg bt u&ﬁmfi‘ﬁntp Qisifﬁégt‘fé}ﬁ,ollubfi@&rft,?nﬁﬁiﬂdaﬁﬁ Bhticizer and edible
18. A ‘phar maceut 1 cal conposition according to ¢faim 17
in wiil.ch the or each polyal cohol fatty acyl ester is a
pol yet hyl ene gl ycol ester, a polypropylene glyco
AR p%rarr%acfe%{iéa)f cgr%lpgsigin){ (a:tcecloréjlgg to claim 14, the composition being adapted

for modified release and containing at least one waxy substance.

17. A pharmaceutical composition according to claim 16 in which the waxy substance is

a polyalcohol fatty acyl ester or a mixture of polyalcohol fatty acyl esters.

18. A pharmaceutical composition according to claim 17 in which the or each
polyalcohol fatty acyl ester is a polyethylene glycol ester, a polypropylene glycol

ester or a fatty acid glyceride.

19. A pharmaceutical composition according to claim 16 in which the waxy substance is
a polyglycolized glyceride comprising a fatty acid ester and a polyethylene glycol
ester, the polyglycolized glyceride having a melting of point from 33°C to 64°C and
an HLB value from 1 to 14.



19. A pharmaceutical conposition according to claim 16

in which the waxy substance is a pol yglycolized
wghywasysde conprising a fatty acid ester and aPCT/EP2006/001782

pol yet hyl ene gl ycol ester, the polyglycolized

gl yceride having a nelting of .ppint from 33C to 640C

and an HLB value from 1to 14.20. A pharnmaceutica

gp%g h‘p%rgﬁc?lgcﬁcg %bﬂ%o&ggﬁ% 86’1?‘ﬁ1rg0fto OalnS/ g@e ]ogl 1:18m?so'14 to 20, the

bel ng)mpbsumri bedns eddptedior amsllitie] fleass) fﬁe&lg'@ﬂurhﬂd@se form, and being
gel atin, dr ox proPyInethyIceIIquse or pulul ans
C apsggnéame in a gélatin, hydroxypropylmethylcellulose or pullulans capsule.



