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hypert ensi on. Di carboxyl at e-di hydropyri di ne derivatives 10 are generally
known to possess cal ci um channel bl ocking activity. For exanple, EP 089 167
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chl or ophenyl ) - 3- -5 y - Q- yl-1,.4-di hydropyri di
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followng formula: H CYN',, .NH H3CO ~/ CH3AM odi pi ne exhi bits good

bi coavail ability and has a long half-life in the body. Wile a variety of
acid gddition salts are taught in these patents to be suitable, the naleate
salt is 20 identified as the nost preferred acid addition salt. Exanples
9,11, 12 and 2Zhepraseniggyentionsrelasss| toasprocespiber. makiag anodipingggal¢ate 86ih good

di scl ose _t preparation of am odi pine maleate (wwth 1:1 nolar ratio of

bot h com%n nts) by dissolving a reaction mxture containing an in situ

prepared raw @alcfh péliv@nbla btodkeiso (@ildiyth anepdtias)rard Nisefu! anedtig daist Ny
thereto solid nmnualeic acid whereby the nmal eate salt of anl odipine
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identify that one of the mest preferred compounds is 2-[(2-aminoethoxy)methyl]-4-(2-
chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6-methyl-1,4-dihydropyridine. ~ This

15  compound, which is now commonly known as amlodipine, has the following formula:

Amlodipine exhibits good bicavailability and has 5 long half-life in the body. While

a variety of acid addition salts are taught in these patents to be suitable, the maleate salt is

20  identified as the most preferred acid addition salt. Examples 9,11,12 and 22 of EP 89167 as
well as J. Med. Chem. 29, 1698 (1986) disclose the preparation of amlodipine maleate (with

1:1 molar ratio of both components}) by dissolving a reaction mixture containing an in situ
prepared raw amlodipine base into ethyl acetate or into ethanol and adding thereto solid
maleic acid whereby the maleate salt of amlodipine precipitates. The salt is then isolated by

25  filtration and recrystallized from ethyl acetate or from acetone/ethyl acetate 1:1 mixture.



patents EP 244 944 and corresponding US 4,879,303 indicate that the
besyl ate salt provides certain advantages over the known salts i ncZ3diUNg005

good fowajd ,bNg properties. Apparently, 5 anl odipine nale ffered from
t abl et‘tl ng zgo%f& gt ability problens so as to cause a sw tchP&gﬁWS'z 607

devel opment to the besylate salt. (See 2 Review of Oiginal NDA" for NDA#
19-787 of 10.10.1990, obtai nable from FDA under Freedom of Information
Act). The stability and tabletting issues/causes are not publicly
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sol ution whereby the pH of the solution does not exceed 6.5; and (b)
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mal eic acid. 25 Fig. 1 shows the IR plot for the material of Exanple t
Fig. 2 amindipintor ethacmpsastically adeepiablcesaitathersof mathnpiateid acigiupdes an hoidec t he

x-ray dipff. r .t mater i of anple 1, .Though the process, of
convert ?Elfr']‘é{ogﬁegg FOS?%%QF Pequaz}?g'%orpgiggﬁetp rlgﬁ cgp afypé?ﬁl%(dﬁ‘ﬁ%ﬁgcssﬁdaﬁtﬁf g%?lée sal t
| S essefilanafabiresdMgl emlddipihamalvare aesubdiantisviefred of Aallodipiae kspatate) Whiatlur es
for 29 JUN 2005 WD O 210 5 3 54 2 PCT/ NL0O1/.00607 ..
comprises the steps of (a) either (1) adding, continuously or portionwise, a source of
amlodipine into a solution or suspension of maleic acid to form a solution, wherein the
relative molar amount of maleic acid to amlodipine being added is at least 1.01:1 or (2)
contacting, continuously or portionwise, a source of amlodipine with a solution or
20  suspension of maleic acid under pH control to form a solution whereby the pH of the
solution does not exceed 6.5; and (b) separating amlodipine maleate in a solid form from the
solution. Further the present invention relates to a process of purification of amlodipine
maleate, which comprises crystallizing or precipitating amlodipine maleate from a solution
thereof wherein said solution comprises an excess of maleic acid.
25 Fig. 1 shows the IR plot for the material of Example 1.
Fig. 2 shows the DSC curve for the material of Example 1.

Fig. 3 shows the x-ray diffractogram for the material of Example 1.

Though the process of converting amlodipine free base or salt into an amlodipine

30  maleate salt is essentially simple, it has now been discovered that the known procedures for




3 'manufacturing anl odi pi ne nal eate may give rise to substantial anounts of
a side product represented by the formula (1): H CYN',,,.,NH mZﬁllﬁP}ﬂﬂS
vCH, COCH gléi)- _The conmpound of formula (1), which is hereinafter referred
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be prepared substantiall @” from am odi pi ne aspartate by careful
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selection of reaction con ons. Namely, it was found that the pH of the
reaction mxture during the>ormation of 25 anl odi pi ne mal eate shoul d be
essentially acidic. A process for manufacture of an anl odi pi ne nal eate
salt substantially free of am odi pi ne aspartate corrpri(q'} ng a reaction of 29
JUN 2005 WD 02/053542 PCT/ NLO1/ 00607 :

The compound of formula (1), which is hereinafter referred to as “amlodipiné

aspartate,” is a side product associated only with maleate salts of amlodipine as it is formed
10 by a Michael addition reaction of the amino group of amledipine to the double bond of the
maleic acid.

It has now been discovered that the production procedure described in the above-
cited patents and literature may produce negligible amounts of amlodipine aspartate as a by-
product in a labéfatory scale, but that substantial increases in amlodipine aspartate by-

15  product are likely on a production scale, namely at enhanced temperatures which are needed
for complete conversion and for obtaining amlodipine maleate in a good crystalline form.

The presence of a side product in any substance intended to be administered to a
human patient as a therapeutic agent is generally undesirable. Removing side products and
impurities can result in higher production costs and lower yields due to the loss of material

20 in the purification step. It is thus advantageous to form the desired product in the first
instance with as few side products and impurities as possible.

The present invention is based on the finding that amlodipine maleate may be
prepared substantially free from amlodipine aspartate by careful selection of reaction
conditions. Namely, it was found that the pH of the reaction mixture during the formation of

25 amlodipine maleate should be essentially acidic. A process for manufacture of an

amlodipine maleate salt substantially free of amlodipine aspartate comprising a reaction of



4 am odipine with maleic acid, whereby the reaction environnent is

essenti al | y acidic, thus forns a basic aspect of the invention.
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equivalents. The use of an excess amount of maleic acid is advantageous for industrial scale
production, where.the actua! amount of the charged amlodipine may be in some cases be
20  difficult to determine.

The amlodipine source may be contacted with maleic acid in a solvent under pH
control, whereby the pH value is maintained below the value of 7, preferably below 6.5, and
typically in the range between 4.5 to 6.5, optionally by portionwise or continuous addition of
maleic acid. At pH lower than 4.5, the formation of amlodipine aspartate is sufficiently

25  suppressed as well but other side products may sometimes be formed. Generally it is most
convenient, even under pH control, to add the amlodipine source to the maleic acid as in the
first embodiment, but this is strictly speaking not required. After addition, amlodipine
maleate separates out in a solid state.

This process of monitoring the pH is also useful in the case where the source of

30  amlodipine is an unpurified material, as the actual content of amlodipine therein is normally

only approximated and/or the amlodipine source may also contain impurities or side
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the amlodipine maleate separates out from the solution, the equilibrium is continuously

shifted towards the formation of the next amlodipine maleate. Suitable salts are e.g.
amlodipine hydrochloride, methane sulfonate or benzenesulfonate. In general, any suitable
salt which is more soluble in the reaction solvent then amlodipine maleate may be used.

20 In processes of the invention, various sources of amlodipine may be used for reaction
with maleic acid. For instance, there may be used a reaction mixture obtained after the final
step of amlodipine synthesis. Such processes are known from prior art and the final steps
thereof usually comprise deprotection of an amino-protecting group in an amlodipine

precursor as outlined in the following scheme:

zZx

25



CH3 N/~/NProt CH3 N O"/NH2 H3CO O-~/CH3 H3CO | 011 -~CH3 OOOCLa 25
WD 02/ 053542 PCT/ NL01/ 00607 2 9 JUN 2005 6 In the schene, N Prot 280N 2005
represe ufstituent or group protecting or masking t 1 nO-

it may g%%%ﬁ?éﬁga benzyl ani no or phthalinido group (EP BQPﬁgy;ghQ%Pgo

group (EP 89 167 ), tritylam nogroup (HEP 599220), hexanethyl enetetramni no
group (EP 902016) etc. Another useful, synthesis schene for naking

am odi pine or salts thereof in 5 good yields and purity via a
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common key aspect of any of” the process of our invention is that the

sour ce a@fsolutiondigy be usel asche amlodeping schirgrafosithe foringtiom of theagledipine maleate

envi ronrégsnénna“y free from amlodipine aspartate by the process of the present invention. As an

15 alternative, amlodipine free base obtained by the amlodipine synthesis may be isolated in a
solid state, e.g. by a process outlined in Int. . Pharm. 133, 72 (1996) and the free base may
be charged in a crude or purified state. In another alternative, amlodipine free base (with or
without isolation thereof) may also be coaverted to a salt other than the maleate prior to the
contact with maleic acid. The amlodipine source can be in dissolved form in a solvent, a

20  solid state material or a suspension.

As pointed above, the common key aspect of any of the process of our invention is
that the source of amlodipine is contacted with maleic acid in an acidic environment. In
general, the pH of reaction mixture should not exceed the value of approximately 6.5 during
the salt formation reaction.

25 Various solvents or solvent systems may be applicable in the process of our
invention. The preferred solvents are those in which the starting materials are sufficiently
soluble and in which the produced amlodipine maleate is only sparingly soluble. Such
solvents comprise water, an alcohol such as methanol, ethanol or isopropanol, an ester such
as ethyl acetate, a ketone such as acetone, a nitrile such as acetonitrile, an ether such as

30 dioxan or tetrahydrofuran, a carbohydrate such as toluene or mixtures thereof. It is an



gerieral , the pH of reaction m xture should not exceed the val ue of
approximately 6.5 during the salt formation reaction. 25 Various so}ngﬁ%@ﬂs
or solyent systens nmay be applicable in the process of our invention?
preferreW&BIREHEs are those in which the starting materi JIEMEE00607
sufficiently soluble and in which the produced am odi pine maleate is only
sparingly soluble. Such solvents conprise water, an al cohol such as

nmet hanol , et hanol or isopropanol, an ester such as ethyl acetate, a ketone

such as adedn@ipe of thepresdrt énveutibn dat acrediosolvents svhictnatihéinvenient tdbededi®xan
or tetrahydrofuran, a carbohydrate such as to]uene or mxtures thereof. It
i s an 2 ghepgierap@socediprespyughas avatesamakpe ygoRthout difisuly imihe potseatroprsssent

. i on th . | . . Y L
orior art pr odtharepuiude ghanh an RoRt Bl ol WRORMRRLARL OB R 0T
present pRayoRESfromhenbiengemptahte tothetgilinpepainnéfatt isolgetfortsbreaniystnp ane

source with maleic acid may vary from anbient tenperature to the boi IJ ng
poi nt 5 of mayeagndlyediring the spyisaof espstien Brgterred agg {empargtuges a6 highenthan #@°C

course of react.ion. Preferr are r at re_highe an 40 S

i od pi 8 AUFARRE e ST UEES PR HoB soLEPgsCrAai ol DRk fl gt

cryst al s working WP hibitat BmFerRlued) taniledipRieahaleste p’i@éiFﬁétEs: (e sifBll @Afseals that are

precipitates rn snall cr¥stal s that are frequently difficult to filter and
1

dry. Howdeauentlyrditfiouitnier fiber and dmr. odloyraver, dbp {emattion of amdodipipg tagpastate is
d dent, 1t h b i id is. t .
i od pi temRegatBeBERILaE ok Hleh 8LerfloFtRalTBheh Syt delatis 3R Slodioine

the agn odhgel feinptRaprosdss ¢ff priorl it Testesiratile mMatuaty be shd agiilipiné agpatareitard 0C.
For instance, the additiogon of maleic agid to. am odi pine, base in

i sopr opafsmedat temperatyres higher dhagabegt ‘bqq’ﬁé Frp tpstancs, ths additinpet inalsic agid i)y

0. 7% of ¢ te, . , of bt )t . cts
of ‘the PRSITREREE fuisRUBHRL o B0oCinAr BRARE G dblhc) HBIcRE i PhREa SAkE
hi gher t gpe%.20. 75 thaaspetaicc Mowevey idiaiccoidahite withythe préferédsaspeete oif ahd y
advant ageous when the reaction tenperature is_ higher .than 40C e.g. if a

sol vent _inyentiend wherdn the gmiedipiopiiy a@cﬁedtterﬁberﬂé&lagefsmi,dli&hﬁw@nperawwnp%e
o T ! SrA RS O, B MR B i e
5% nol ar higherethan of0°Gpk gl if acbbient is used which requires higher temperatures to convert

amlodipine or maleic acid into a solution or if the reaction mixture should be concentrated

by evaporation. For instance, addition of amlodipine base to 5% molar excess of maleic acid

in hot isopropanol yielded amlodipine maleate with only 0.03% of aspartate.

20 The importance of the essentially acidic environment, especially the presence of an
excess of maleic acid, in respect to minimization of the rate of forrmation of amlodipine
aspartate may be manifested also in processes of purification of amlodipine maleate from
other impurities by crystallization or precipitation. Elevated temperatures which are
necessary for dissolving amlodipine maleate in a crystallization or precipitation solvent may

25  contribute to the formation of amlodipine aspartate as well. As the solubility of amlodipine
aspartate is similar in most crystallization solvents, common crystallization techniques do
not allow to separate amlodipine maleate therefrom and thus, ironically, the crystallization
rather “impurifies” the product. If, however, an excess of maleic acid is present in the
crystallization system, the formation of amlodipine aspartate is minimised. Thus a further

30  aspect of the present invention relates to a process of separating amlodipine maleate in a

solid state from a solution by precipitation or crystallization, characterised in that free maleic
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Crystal | P35 ke digarli of fHofeani rf?%gﬁ gﬁ'l"e‘!!@clgg?egfﬂaﬁ%ﬁgﬁgkgé’ﬁ%&ﬁ%é’gn
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with a samiedipise faltg Thepneyy salt sap barseipitaied, ot eihgRviss fempyes roRy thg solvent..

treating | p 0’9‘?}632‘3 ' QN2 inffeSRalestk i Slon WaAthe OF
I nor gani éiﬁg@lssg@fggé ?%rr“ﬁ\ a i g'ipﬁgte??lélé%ggé TS'IQ"[lgd\/\lEgl%by '?r e'qlt meﬁ of the

f r ee 1bas epnwarted sait fofrsandt optivahiafirécbase, meayls prodicdd ilnhﬂla_tmgfrmwlb'(mdentd)lﬁor m
the intended antodipine,sall THe now salkcSih. PBRnSR:Rr 3he Grhmable by

this process include amlodipine benzene sulfonate (besylate) and amlodipine hydrochlonide.
In common solvents suitable for crystallization of amlodipine maleate such as water,
methanol, ethanol, isopropanol, acetone, acetonitrile, ethyl acetate, toluene and mixtures

20  thereof, the necessary excess of maleic acid should be at least 1 molar percent and up to 100
molar percent, advantageously between 5 to 25 molar percent. Proper extent of maleic acid
useful in an industrial process may be determined in each particular case by ordinary set of
experiments, taking the solvent, concentration and temperature regimen into consideration
and having the yield and purity as the criteria of evaluation.

25 The amlodipine maleate that is “substantially free” from amlodipine aspartate means
that the amlodipine maleate contains less than 1 wt%, preferably less than 0.5 wt%, more
preferably less than 0.2 wt%, and most preferably less than 0.1 wt% of amlodipine aspartate,
The amlodipine maleate substantially free from amlodipine aspartate may be used in therapy
as a pharmaceutically acceptable salt of amlodipine. Accordingly, amlodipine maleate

30 substantially free from amlodipine aspartate forms another aspect of the present invention.
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human and non-human animals especially humans and non-human mammals.

The compound is usually administered as part of a pharmaceutical composition.

Accordingly, a further aspect of the invention is a pharmaceutical composition for treating or

20 preventing hypertension or angina that comprises an effective amount of amlodipine maleate

substantially free from amlodipine aspartate and a pharmaceutically acceptable excipient.

Excipients include any inert or non-active material used in making a pharmaceutical dosage

form. For example, tablet excipients include, but are not limited to, calcium phosphate,

cellulose, starch or lactose. Capsules such as those made of gelatin, may contain or casry

25 amlodipine maleate alone or in admixture with other excipients. Liquid dosage forms are

also included such as oral liquids in the form of liquors or suspensions, as well as injectable

solutions. = The pharmaceutical composition may be formulated for transdermal

administration in the form of a patch. AN of the above described pharmaceutical

compositions may optionally contain one or more of each of the following excipients:

30 camers, diluents, colorants, flavoring agents, lubricants, solubilizing agents, disintegrants,

binders and preservatives.
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Is typical adm ni stered once or twice daily, nore typically once daily.
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from am odi pi PrefeatjdgsHaishecentical compbsitionewilbhave £pl iwithiotheparygeof frog about
5.5 to 7.0, when measured as a 20 wt% aqueous slurry as is described in more detail in
commonly-owned co-pending U.S. patent application serial No. 09/809,346, filed on March
20 16, 2001, and entitled “Pharmaceutical Compositions Comprising Amlodipine Maleate,” the
entire contents of which are incorporated herein by reference. These compositions generally

provide good or improved stability. |
All of the pharmaceutical compositions described above can be made by known
methods and techniques. For example, the tablets can be made by dry granulation/direct
25  compression or by a classical wet granulation method. Typically, tablets are made by
blending, filling and compressing into tablets. The blending step may comprise a wet
granulation or dry granulation. Similarly, capsules can be made by blending the ingredients

and filling the capsule.

The above compositions are also useful in reducing heart failure symptoms,
30  improving systolic left ventricular function and increasing exercise capacity in patients with

tschaemic LVD and heart failure without current angina.
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t
i schaeni cadpwiftatarinl odearte irsard thabthsi achive or compesiiongh §Hrms. arg sYtinipg Q%

02/ 053542th§%é) N éL /u%%ggt; Lhis is useful in checking, for example, the effectlvcness of the

crystallization conditions chosen for making amlodipine maleate substantially free from
amlodipine aspartate in accordance with the present invention. Assaying for amlodipine
aspartate as well as how to make amlodipine aspartate as a reference standard or reference
marker composition is described more fully in co-pending commonly owned U.S. patent
20  application serial No. 09/809,347, filed on March 16, 2001, and entitled “Reference
Standards For Determining The Purity Or Stability Of Amlodipine Maleate And Processes

Therefor,” the entire contents of which are incorporated herein by reference.

Examples

25
Example 1 Amlodipine maleate from crude amlodipine

Step 1 Decomposition of phthalimidoamlodipine
The reactor Al is charged with 64 1 of 40% aqueous methylamine and 8.0 kg of
30  phthalimidoamlodipine under stirring. The suspension is stirred at 40 - 45 °C for 8 hours.

Then 120 1 of toluene is added and the mixture is stirred for 30 minutes. Then the mixture is
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Al odi pi nesd/bbseeCe And Processes Therefor,” the entire contents of which

are incorporated herein ference.,. Exappl es 5 anpl e | A odj pi
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spontaneously to 65°C (cooling not necessary). The mixture is then stirred and slowly cooled
to 15-20°C. The precipitated solid product is filtered off on a nutche filter, washed on the
filter with 2x4 1 of ethanol and dried in at temperature. of max 40°C,
20 Yield: 5,85 kg of Amlodipine maleate

Purity(HPLC) : <0.05% of aspartate
Particle size - 80 -100 um in average
Comparative process
25 5 kg of wet amlodipine free base is suspended in 17.5 I of isopropanol. The

suspension is heated to 65 °C and 2 clear solution is obtained. 1.17kg of maleic acid is added
portionwise. Temperature increases to 70 °C and again a clear solution is obtained. Seeding
crystals are added and crystallization started, whereby the temperature increases to 72.5 °C.
The mixture is cooled to 30 °C in 1.5 hours and further cooled to 2 °C in 1 hour. The

30 crystals were filtered off and washed with 3 x 5.8 I of isopropanol and dried in a vacuum

oven at 40 °C for 2 days.
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- 100 1p. n24 howrs deaving 2.€g(Balravf vovhplesobds 25 5 kg of wet anl odi pi ne free
base i s suspe in 17.5 1 of .isgpropanol. The suspension is heated to 65
C and a cl ear E@&%@?Wﬁco&&%on@d? 1.17kg of maleic acid is added

port | onw se. M%cﬂidﬂﬁ&d RGnE3aRme Baléfte C and aga! n a clear solution is
obtai ned. Seeding crystals are added and crystallization started, whereby

the tenperature increases to 72.5 C.
Comparative process:

15 2 g of amlodipine is suspended in 25 ml of water and heated to approximately 60°C.
To this suspension, 0.58 g of maleic acid is added portion wise. The suspension became
clear (slightly yellow) and a solid started to precipitate. The mixture was slowly cooled to
room temperature and the solid is filtered off. The solid is washed with 5 ml of water and
dried in a vacuum oven at 50°C for 24 hours leaving 2.4 g (93%) of a white solid.

20 HPLC: aspartafe content 0.2 %

NMR: amlodipine maleate + approx. 10% of amlodipine free base.

Example 3
Amlodipine maleate from amlodipine hydrochloride
25 1 g of amlodipine hydrochloride is dissolved in 20 ml of water. To this solution 0.26
g of maleic acid is added and the mixture is stirred until everything is dissolved. After a few
minutes a solid precipitates and the mixture is stired at room temperature for one hour. The
solid is filtered off over a paper filter and washed with 2x5 ml of water. After drying ina
vacuum oven, 0.72g (61%5) of the product as a solid is obtained.
30 Aspartate content (HPLC): 0.01%



The m xture is cooled to 30 Cin 1.5 hours and further cooled to 2 Cin 1
hour. The 30 crystals were filtered off and washed with 3 x 5.8 | of 23 JUN 2005
| soprop n ried in a vacuum oven at 40 C for 2 day 005

VO 02/ oL & 00607 15 i ol ts 4960 g Purity: O, 6%’%%¥g%\r}nwoébd]?pi ne
aspartate Exanple 2 5 0.58 g of maleicldcid is dissolved in 25 m of water
and heated to approximately 60C. To this solution, 2.0 g of amodipine is

added portionwi se. The solution turns slightly vyellow during addition and
when additi on Bx¢mphpl ete a solid starts to precipitate fromthe mxture.

The m xture is,.s] ow. led-to.r re and the solid is filtered
off. After V\A%rﬂkﬁbp'e(%gn%gegﬁfﬂ‘g%apﬂ&gb%ﬁ%q}g%%g%er, the solidis dried in a
vacuum oven at] @€amdédipihe mdyheuissditsohedrig 42 Ml of ¢ARY) 03 g ofimdleic 20id i

HPLC. aspartate content 0.01% NVR correspond to ani odi pi ne mal eat e.

Conpar at iaddedtodhisselutips and gheomixiwreds stirsruntt agleasspluigniisobtaingd. diftepadew
and heat ed t.o appt-gxinat el C. . ' i X i cid
s adbod Ve SRRHSPPEAS 2h JBE mixelfe 1SN ALRREPH Biochienl fr e BRLE) THEC! 0
solid staslike fikerpd &Ff ¢vdral gaped fiReind washedasitls RRMmyl sfoedter] Adter deying in a
tenperature. and the solid is filtered off. The solid.is washed with 5 nil

of wat er vagHpm @ysre8-738 (0% efithspsodist i obtgined ay amoffphitesolidayi ng 2.4 g
(93% of a whiy i Q,Pﬁ . rtate content 0.2 % NVR ani odi pi ne

mal eate + apperS ?ﬁ%%}%ﬁegg o!ﬁp?%@%r ee base. Exanple 3 Am odi pi ne

mal eate from am odi pi ne hydrochloride 25 1 g of anl odi pi ne hydrochl oride is
dissolved in 20 Ml of water. To this solution 0.26 g of nmaleic acid is
added®and the B¥®PlE 2 is stirred until everything is dissolved. After a few

Crystallization of amlodipine maleate

5 g of amlodipine maleate is dissolved in a mixture of 60 ml of EtOH and 0.055 g of
maleic acid at reflux. The solution is cooled in a refrigerator to 5 - 10°C and the precipitate
is filtered and dried.

t5 Yield:45¢g
HPLC (IN): 0.046% of aspartate

Comparative Process
20 g of amlodipine maleate is dissolved in 240 ml of EtOH at reflux. The solution is
20  cooled to 20 °C and the precipitate formed is filtered and dried.
Yield: 16,3 g
HPLC(IN): 0.67% of aspartate

Reference Example ,
25 Preparation of the amlodipine aspartate as a reference standard
16 g of amlodipine and 12 g of amlodipine maleate are melted in a 300 ml flask. The
melted substance is cooled to room temperature and dissolved in 300 ml of dichloromethane.
The mixture is extracted with 300 ml of a 1M NaOH solution. The organic layer is
discarded and the aqueous layer acidified with 55 ml of a 6 M HCI solution. The mixture is
30  extracted with 300 ml of dichloromethane. The layers are separated and the organic layer

dried over Na;SOs. The mixture is evaporated to dryness and the resulting waxy solid



mnutes a solid precipitates and the mxture is stirred at room tenperature
for one hour. The solidis filtered off over a paper filter and wadiietN 2005
with 2x3ygloz@fssymter. After drying in a vacuumoven, O0.73grbYhosds the
product as a solid is obtained. 30 Aspartate content (HPLC): 0.701%°2-9~JUN
2005 WD 02/ 053542 PCT/ NLO1/ 00607 14 EX&nple 4 Am odi pi ne mal eate from

anm odi pi ne nesylate 1 g of anml odi pine nesylate is dissolved in 42 m of
water. 0.23 g of maleic acid is added to this solution and the m xture is
stirred mrysualbze@l fam etbaneli dineiobtainechplirky  soid e drigd fiew vasuwm myea st 4056) i d
appears nd t tur stirred at roomtenperature for one hour. The
solid is |’I"1gerea ﬁf‘?"gﬂl‘éﬁ‘t"’aﬂﬁ%‘gr filter and washed with 2x5 m of water.
After drying in a vacuumoven, 0.73g (70% of the product is obtained as
an off white solid. Aspartate content (HPLC): 0.01 % 10 Exanple 5

Crystal lizati ¥ieldr 4ahg 6 PWne mal eate 5 g of am odipine maleate is

di ssolved in Xtyh @ Q and 0.055 g of maleic acid at

refl u§<. The sg/fpmtl éﬁglg CI§(§)| g{fdegonﬁg@“ gerator to 5 - 10C and the

pr eci pitate is filtered and dried. 15 Yield: 4.5 g HPLC (IN): 0.046% of
aspartate n*ﬁar ative Process 20 g of anl odipine naleate is |ss%dd

240 i of Et OlbainYasfipnhavEdesn dgsiried § WP EIdUR pBAoY t© ¢ in

preci pit LR ﬁg{lf- 18 1% of
aspart at g‘teeag ?‘er encﬂee§ E&é&%ﬁgﬁ% %g;ro g?lmoan@t%[q %‘t& [ pﬁégég%eﬁ}%sgt e as
a ref er eemboditmnttadeberibed herein can easily be made or may be learned by practice of the

10 invention, without departing from the spirit and scope of the invention as defined by the

following claims.



16 g of aml odi pine and 12 g of amnl odi pine nal eate are nelted in a 300 n
flask. The nelted substance is cooled to roomtenperature and disgq Wﬂw
300 M- QfogHehtpromet hane. The mixture is extracted vvithpéi)ﬁhr@[mggma

NaOH sol ution. The organic layer is discarded and the aqueous [ayer
acidified with 55 i of a 6 MHC soll@tion. The nmixture is 30 extracted
with 300 mMl of dichloronmethane. The | ayers are separated and the organic

| ayer dried over Na2SO4. The mixture is evaporated to dryness and the
resulting waxy solid 2 9 JUN 2005 WO 02/053542 PCT/ NLO1/ 00607 15
recrystallized from et hanol. The#ﬁ‘%‘ﬂ’ﬁﬁd sticky solid is dried in a vacuum
oven at 40 C leaving 4.7 g of a ite product. Yield: 4.7 g (39 %9 5
Mp: 178 C - 183 C (deconposed) The invention having been described, it wll
be readily apparent to those skilled in the art that further changes and
nodi fications in actual inplenentation of the concepts and enbodi nents
descri bed herein can easily be nade or nmay be | earned by practice of the 10
i nvent ilon, iredessitwhisp apmprgesireaniingamlegipinetor an acidadgitiopsaltitkereelwihi on as

defi ned .t I f,ol | owi. | ai , *}HN ? . 3 CT/ NLO1/ 00607
16 CLAP{%C a%'(af.ndg"f %‘g\é%lg,g e\?\lhvﬁgﬁﬁ%c;r%rgrf i ses ?’ggogtlrl}é%gé!ﬁggeﬁ él&#g or an acid
addition salt thereof with maleic acid under an acidic environnent to form

an am odi pi ne nal eate product. 2. Praocess according to claim1, wherein
sai d aodi Freressaceyilngttnsfaims |, whezin sardramlogdipineqen salf) thercobis adsied to
excessiy l.el.Gea6l 0] s according to clains 1 or 2,
wher ei r?nsg'?igmgﬁ{%rol Bﬁgﬁﬁﬁgg?g‘mﬁ&t@ ucatlgE%gﬁt?ai ns less than 1 wt %
anm oali pi ne aspartate, based on the anount of aml odi pine
3. Process according to claims 1 or 2, wherein said amlodipine maleate product
contains less than 1 wt % amlodipine aspartate, based on the amount of amlodipine

maleate.

15 4. Process according to claim 3, wherein said amlodipine maleate product contains

less than 0.2 wt % amlodipine aspartate, based on the amount of amlodipine maleate.

5. Process for the manufacture of an amlodipine maleate sait substantially free of
amlodipine aspartate wherein the amlodipine is added continuously or portionwise into a
20 solution or suspension of the maleic acid to form a solution, wherein the relative molar
amount of maleic acid to amlodipine being added is at least 1.01:1; and amlodipine

maleate in a solid form is separated from the solution.

6. Process according to claim 5, wherein the relative molar

25 amount of maleic acid to amlodipine being added is at least about 1.05:1.

7. The process according to claims 5 or 6, wherein the source of amlodipine is
selected from the group consisting of raw amlodipine obtained after the synthesis of
amlodipine, purified amlodipine free base; and an acid addition salt of amlodipine other

30 than the maleate.



mal eate. 15 4. Process according to claim 3, wherein said anl odi pi ne

mal eat e product contains less than 0.2 w % am odi pi ne aspartate, lzgsm B
t he ano%m%s 33.191 odi pi ne naleate. 5. Process for the manufactpscees; an

ani odi pirne fareite salt substantiall y free of aml odi pine aspartate wherein
t he anl odi pine is added conti nuousl yldr portionwise into a 20 solution or
suspension of the maleic acid to forma solution, wherein the relative

nol ar anount of maleic acid to am odi pi ne being added is at |east 1.01:1;
and am8odi piThe proceseatw@ridingdo staim d, bierein said eparcavédmiodipint iginsosalid on. 6.
Process acgordi to cl.aim5, wherein the relative nolar 25 anount of

nal ei Cs%qﬁwr@@f@ﬂilsglgpgix%gs FMg added is at |east about 1.05:1. 7. The
process according to clains 5 or 6, wherein the source of am odipine is

sel ected fromthe group consisting of raw aml odi pi ne obtained after the
synt hedi.s ofProcess fodithd mepufacturd ofcu aanipdigingimaledte salt pzhstantighy frgp obici d

addition.salt of am odi,pi ne other ,.30 than. the | eat e JU WO
02/ obaemoeie ReR e sulbrels e Amingistns I B, TBaffl oy s dodlosvite, ) |
sai d sQUfIE S sefutisf! RHuBp&RIdrSof theamaRid skid ShaérepHotont@I t6lifomwlavedutioh a
solvent. 9. Process for the manufacture of an anl odi pi he. nal eate salt

subst anvtiesghyythe rpié off ths sohitinn gessenctsgraeedafd; amdr GerAmiodining lsstanss i s
contacted, contin I [ _porti ise, wth a solution or suspension of

t he nalsg?dé'a%@f'ba ﬁozglgﬁ%r%ﬁ%%g?er%?uq{gg‘form a solution whereby the pH of the
solution does not exceed 6.5; and the anl odipine nmaleate is separated in a

solid formfromthe solution. to 10. Process accordipng tqQ clai g wherein
t helsolfce &rocsss eeroping tp slaim b ovhegein thgpoursr o AB{ATHINBA I3 ﬁl?%@ P} aw

am odi pj t aj fier e54..S: b P AR i cPHF L apl odi pi ne
free bgféé;,%ma d@%rlr%%gggdag[d% P‘?q%‘?é@g'f}’t 3%‘?‘"3%1%3@% yg‘t cglrs 9{13&* [t elﬂgérral eat e.
15 |t . phrifie® amiedipmedireg bhse; any aaf adid adgitien editnef anbidigin® otirer 1Ban wkeer ei n

sai d source of
maleate.

15 1I.  Process according to any of the preceding claims 9 or 10, wherein said source of

amlodipine is in a solid state form or dissolved in a solvent. -

12.  Process according to any of the preceding claims, wherein said source of
amlodipine is an acid addition salt of amlodipine other than the maleate salt, in a solid

20 state or dissolved or suspended in a suitable solvent.

13.  Process according to any of the preceding claims, wherein said amlodipine source

is added to said maleic acid solution or suspension.

25 14.  Process of purification, which comprises crystallizing or precipitating amlodipine

maleate from a solution thereof wherein said solution comprises an excess of maleic acid.

15. Process according to claim 14, which further comprises converting said
amlodipine maleate to another acid addition salt.

30



anmtodipine is in a solid state formor dissolved in a solvent. 12. Process
according to any of the preceding clains, wherein said source of g 2005
an odi pi ngé@ f@igsﬁ(:i d addition salt of am odi pi ne other thaﬁlc&ﬁgowi(%{%
salt, in ¥1°d>**20 state or dissol ved or suspended in a suitable solvent.
13. Process according to any of the prdéeding clains, wherein said

an odi pine source is added to said mateic acid solution or suspension. 25
14. Process of purification, which conprises crystallizing or precipitating
anl odi pi né. neltegirecdss ansadmgl tatclam 4 avherstin widramladipinaimalspigtis 6ANESEAr i ses

‘an excess of l ei c,aci d. . Process. accordi nd, to, cl ai m14 . whi rther
conpr i ses‘ocféfﬂg’gm“i'%&’egﬁ‘f"& Ség‘f‘@éﬁ’ p?'ﬂ@ﬁwa?eei‘f‘/g“{‘:g"’ghd&t ﬂgra"z)al ?iamézd |ep}aglg
salt. 30 ii8natbN 2005 WO 02/053542 PCT/NLO1/00607 18 16. The process
according to claim 14, wherein said anml odi pine naleate is converted to

am odi pi ne benzene sul fonate, am odi pi ne hydrochl ori de or am odi pi ne

met hane sul fqQpate. 5 17. The progces cgarding. £ o cl aj. rel aid
conver3i orf-co Bré’§cstsraé:§ﬁ$@g ?%5"8“;15:3” pihe l_rraf%ndzteggléva g: ﬁmgﬁgeg t?%lﬁp rm
am odi pi ngid befodigine AARale’ 83t PieSa fompANEdipidee flet asbas wedtingoeaidene
sul fonic acid, nmethane sulfonic acid or hydrochloric acid. 10 15 20 25

30 amlodipine free base with benzene sulfonic acid, methane sulfonic acid or hydrochloric
acid.
10
15
20
25

30



