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BACKGROUND OF THE | NVENTI ON Cabergoline is an ergoline derivative
interacting with D2 dopam ne receptors and is endowed with different
useful pharmaceutical activities and it is used in the treatnent of

hyper - prol acti nem a, central nervous systemdisorders (CNS) 10 and ot her
rel ated di seases. Cabergoline is the generic nane of
1((6-allylergolin-8%-yl)- carbonyl)-1-(3-dinmethylam nopropyl)-3-ethyl urea,
described and clainmed in US 4,526,892. The synthesis of cabergoline

nmol ecule is reported also in Eur. J. Med. Chem, 15 24,421,(1989) and in
GB- 2, 103, 603-FROQEHFH RN FREPAGING CRYSFALEINEr HORY NE, O | CHBRERGOISINE
significant inhibitory effect with regard prolactine and has therapeutic
properties that nake it possible to treat patients who have pathol ogi cal
condi t i onsBASKGBPHNBJOR TYHEQANYBENEION| 20 prol actine level, thus is useful
1n human apgdherg¥elel N8ih dERAOLIE-adARBIN 8.LeaRt 3AcARE LY ep, al one or
in conbination, In the treatrient of reversible obstructive ai rways

di seases, foPaBBAE ro¢eRipyshtand deulendowess with dadferentt heefudat nent of
glaucom®. - phalfadbe0: &P 1 dd Greb HCLRM LRRRYsh) Bhd. PesERbLproEactin
agent and In cutting down drastically the proliferation of verfebrate

ani mal s. TREPeswREehRAChEmNiat, sl inesveus systemadprerdesar (B88) i n
W99/ 48845, M09 36095 - 4P 15010, M95/ 05176, EP040, 325. Cabergol i ne Form
| is particularly useful 1n the treatnent 30 of Parkinson's di sease (PD)
 Rest | ess Leghexyntinselg RIS gengmiat meme of di(déasdiviekgoPingdfsgl e

Supr anucl eagFal5y) - { PER)a A AU LSS ) 25 L. 2RAY1 (MEBR) - gescrived

and claimed in US 4,526,892. The synthesis of cabergoline

molecule isg reported also in Eur. J. Med. Chem.,

15 24,421, (1889} and in GB-2,103,603-B.
Cabergoline Form I, like cabergoline, displays a significant
inhibitory effect with regard prolactine and has therapeutic
properties that make it possible to treat patients who have
pathological conditions associated with an abnormal

20 prolactine level, thus is useful in human and/or wveterinary
medicine. Cabergoline is also active, alone or in
combination, in the treatment of reversible obstructive
airways diseases, for controlling intra-ocular pressure and
for the treatment of glaucoma. It ig also employed in the

25 veterinary field, as antiprolactin agent and in cutting down

drastically the proliferation of vertebrate animals. The
several uses of cabergoline are for example desgcribed in
W089/48484, W099/36095, USK705510, wW095/05176, EP040,325.
Cabergoline Form I is particularly useful in the treatment
30 of Parkinson's disease (PD), Restless Legs Syndrome (RLS),
treatment of diseases like Progressive Supranuclear Palsy
(PSP) and Multysystemic atrophy (MSA). '
Crystalline cabergoline Form I, an anhydrous not solvated
form of cabergoline, was firstly prepared by crystallization
35 from diethyl ether, as described in Il Farmaco, 50 (3), 175-
| 178 (1995). |
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cabergoline, was firstly prepared by crystallization 35 from diethyl
ether, as described in Il Farmaco, 50 (3), 175- 178 (1995). 1 August 2006
-2 Another process for preparing crystalline Form| of cabergoline through
a toluene solvate FormV was described in WO01/70740. The yield from this
process is typically about 60% For pui2poses of |lowering the cost of the
bulk, it is highly desirable to inprove the yield of the industrial
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V towards the isolation of form I was discovered.

SUMMARY OQF THE INVENTION

Disclosed herein is a process for preparing crystalline Form 1 of

cabergoline.

In a first aspect, there is provided a process for producing crystalline
Form I of cabergoline, which process comprises the preparation of toluene
.solvate Form V of cabergoline having the XRD powder pattern of Figure 1
by '"reverse addition" and its conversion into crystalline Form I of
cabergoline.

The process may comprise the preparation of Form V using heptane as
precipitation solvent, and its exclusive conversion into crystalline Form I
of cabergoline. The present crystallization process from toluene-heptane
solvent system for form V involves "reverse addition" of toluene-

cabergoline concentrate to cold heptane.

_Also disclosed herein are a  process for preparing solvated pure
crystalline Form V of cabergoline through phase conversion of initial
amorphous precipitate into form V under kinetic control and, a process for
_‘preparing pure crystalline Form I of cabergoline from solvated crystalline

Form V of cabergoline




- cabergoline concentrate to cold heptane. Al so disclosed hefedust 288% a

process for preparing solvated pure crystalline FormV of cabergoline

t.hrough phase conversion of initial anorphous precipitate into formV

under kinetic control and, a process for preparing pure crystalline Form!]

of cabergoline from sol-vat ed crystalline FormYV of cabergoline 1 August

- 2006 3 based on the use of heptane as -sUftabl e sol vent for washi ng the
form V prior bmsadeoxsd{a/astd ohhéprahd1@s evRiblel BolBeEL AN 3BRCthe foh@re is
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In a third aspect, there is provided a process for producing crystalline
Form I or crystalline Form V without the presence of any detectable
amount of amorphous cabergoline, which process comprises
suspending Form V or Form I crystals under moderate agitation in
pure heptane at a temperature of from 45 °C to 60°C for about 4 to 20

hours.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is an x-ray powder diffraction (XRD) pattern showing peaks
characteristic of crystalline cabergoline solvate Form V, made in
accordance with Examplel.

FIG.2 is an x-ray powder diffraction (XRD) pattern showing

peaks characteristic of érystalline cabergolirs Form I, according

to Example 2.

FIG. 3 is a differential scanning calorimeter (DSC) profile of Form V,
showing thermal event assoéiated wich eutectic melting of
.cabergoline with toluene.

FIG. 4 is a time resolved x-ray powder diffraction analysis of the de-
solvation behaviour of form V made in accordance with example 1, at
:_arbitrarily. selected conditions

FIG. 5 is an x-ray diffraction pattern comparison of form I obtained

in example 3 with form I obtained in example 2.




accordance with Exanplel. FIG 2 is an x-ray powder diffracAuggst 2006RD)
pattern showing peaks characteristic of crystalline cabergolirs Form1,
according to Exanple 2. FIG 3 is a differential scanning cal orineter
(DSC) profile of FormV, show ng thermal event associated wi ch eutectic
melting of cabergoline with toluene. FIG 4 is a tinme resolved x-ray
powder diffraction analysis of the de- -Satvati on behavi our of formV nade
in accordance with exanple 1, at arbitrarily selected conditions FIG 5 is
an x-ray dlffl‘aCtIOI’l attern co arlson of forml| obtained in exanple 3
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prepared by a "reverse addition' process startin om cr terial.
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has hi gher fr d@lomeadg)ytitasef ommewsinnde f@lmmVtfblrméh@hcrmthklizaétomer
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behavi our for é}gfgnsrsv %a%gltse%r%ﬁghgﬁyibgg}v%)ﬁlrso%eggéﬂﬁx gﬁdE%#’&t nd to be
nmore conduci verevorsec addition| dds highasfloesragneogy tthah ofarm .V Usedoffrompt ane as
wash sol vent tJ t Ql e content
of the wet caatfoal?ern\%hﬁilchghryﬁ étt%ér}nd?‘&a% taIF%h’g %I{rgﬁq gﬂ%eé 8’ %n of form
Vto form| idistine de-soblasimi bnhandudrfyr ngrpr ¥cessle mr@u@ushlﬂﬁeﬁ 4 A

process for t '}ﬁoG&@Y%ﬁﬁ&P ﬁf fgg{l&n yo i ngmcorrgsgg}ujjdcrf?e for controlled

transformation to form I. Use of heptane as wash solvent after

filtration, also helps the reduction of toluene content of the wet cake,
which in turn facilitates controlled de-solvation of form V to form I

in the de-solvation and drying process.




cabergoline Form |l is therefore also provided. The "reverisagadddis on"
crystal.liization-procedure could lead to m xtures of formV w th anorphous
cabergoline, since it 5 involves precipitation of anmorphous solids that

t hen phase convert to formV under kinetie €ontrol. The anorphous content
may not reduce during the de-solvation and drying process. Therefore,
there is provided also a nethod for reducing the anorphous content of

either integr | or forml, should. nmxtures h oduced. The
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addi tion retwstalrlircaledbgrglclicmec focenlr abecharsoterhepdame is control |l ed

in crystallisation from a toluene/heptane mixture. Hexane can
also be used instead of heptane. Heptane is however,

15 preferred for its toxiéological properties, which are better
suited for pharmaceutical application.
. The process comprises dissolving the raw final cabergoline,
obtained as an oil through the synthesis described in Eur.
J. Med. Chem.,24, 421, (1989), or any mixture containing

20 crystalline form of cabergoline including Form I crystals
obtained from the procedures described in the aforementioned
reference, in a sulitable amount of a toluene, preferably in
an amount of from 2.5 to 4.0 g of toluene per g of
cabergoline, more preferably about 3.5 g of toluene per g of

25 ~cabergoline, at room temperature.
The resulting concentrate is added to cold heptane at
temperatures below —10 °C, such that there is preferably
around 10 to 20 g of heptane per gram of cabergocline. During
the addition of cabergoline concentrate, the wvessel

30 containing heptane at temperatures below -10 °C is kept
under agitation and the intermittent addition rate for
cabergoline concentrate to cold heptane is controlled in
such a way that all the concentrate is not added in less
than 2 hours. With the addition of each droplet of the

35 cabergoline concentrate, solid cabergoline is formed.
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such a way that all the concentrate is not added in |ess 1Auget2006hour s.
Wth the addition of each droplet of the 35 cabergoline concentrate, solid
cabergoline is formed. 1 August 2006 However, the initial state of these
solids is anorphous in nature, which for -lBe-purposes of this invention is
defined as a solid formlacking |ong-range order in three dinensions
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Form | crystak$iareiQbtaLngde. by subjecting formV crystals to a ‘
de-sol vati on ané dryi ng process for phase conversion and to bring residual

t ol uene at Thevélerey¥ceptabpeohiops cabergoline is stirred at
temperatures below - 10 °C for no more than three days to

phase convert the solids to crystalline form V, preferably

15 for a minimum of 48 hours.

Under these conditions form V is obtained, which may be
recovered by common procedures, for example by filtration
under reduced pressure or by centrifugal filtration, '
followed by washing of the solids with pure heptane,

20 preferably 5 ml for each gram of cabergoline, in order to
remove residual mother liquor including significant amounts
of excess toluene above the molar composition of toluene
solvate form V. This facilitates subseguent de-solvation and
drying process to make form I,

25 Porm I crystals are obtained by subjecting form V crystals
to a de-solvation and drying process for phase conversion
and to bring residual toluene at levels acceptable for
pharmaceutical use. This can be accomplished by any suitable
means such as, but not limited to, heating the solids,

30 reducing the ambient pressure surrounding the solids, or
qombinations thereof. The drying pressure and time of drying
are not narrowly critical. The drying pressure preferably is
about 101 kPa or less. As the drying pressure is reduced,
however, the temperature at.which the dryving can be carried

35 out and/or the time of drying likewise is reduced.




pharmaceutical use. This can be acconplished by any suit difugust@edns such
as, but not limted to, heating the solids, 30 reducing the anbient
pressure surrounding the solids, or conbinations thereof. The drying
pressure and time of drying are not narrowéy-critical. The drying pressure
preferably is about 101 kPa or less. As the drying pressure is reduced,
however, the tenperature at which the drying can be carried 35 out and/or
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As stated above, Form V crystals made through the reverse

addition process and Form I crystals subsequently obtained

15 after the drying process may contain some amorphous

cabergoline. Its level can be reduced to below the typical
- detection limit of x-ray powder diffraction method by

suspending Form V or Form I crystals under moderate

agitation, in pure heptane, preferably 20 g of heptane per

20 gram of cabergoline, at a temperature of from 45° to 60°C

for about 4 to 20 hours, preferably for about 24 hours at 45
°C. Very small guantities of toluene can also be added to
the slurry to further accelerate the conversion of amorphous
cabergoline to crystalline cabergoline.

25 The reduction of the amorphous form content may be also
obtained by other “vapour based” methods well known in the
art.

The crystals of Form I of cabergoline prepared according to
the process of the present invention have preferably a

30 polymorph purity > 95%, more preferably >98% at yields in
excess of 90% w/w, compared to about 60% for the route
described in WO01/70740.

Characterisation i
X~ray powder diffraction (XRD) was used to characterise the

35 solvate Form V and form I of cabergoline.




~ OC. Very small quantities of toluene can al so be added td Aught2@l6urry to
further accelerate the conversion of7anorphous cabergoline to crystalline
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| of capgrgoline.. 1 August_?20 S LEEr agbian daphysi srépveler X-ray
diPfracEﬁ%nrﬁgsg%%?f%?%%d&%ggﬁﬁﬂ%fgﬁé?ﬁaqgienens 25000 powder
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D5000 powder. di ffract onet the J. | 20 (t
Chet a) GAF uBaST FBH SMELE SO SETE SEape T 020 ‘and Erap herrods of two

secondsplafes iheah nelumiiium pianpoise diliferactohetrer dasanpPES were pl aced
in an al um ni um sanpl e hol der and raw ggta wer,g gﬁoll ‘%égd for one thousand

secondscatlarredotonl oot Hreiant ¢ ZE Al ¢YWbF TR Frent i oni ng t hat

Whip! € PeakuPepshib@as,in X-ray powder diffraction reflect the
three-dinensional long order - within.g crys aIIils.fgrnmge;ng by its
latticelpatanseers mepel oRiY gdrather BEG §°giVéntsol ' form rel ative

peak 15,,05&Ashi L5280 APtrSOl by iR lresleet-anicnisabnal dodgr ovfer
within a crystalline form defined by its lattice parameters
and must be the same for ‘a given éolid'fofm} relative peak
15 intensities do not solely reflect the internal order or
structure. Relative intensities can be affected by attributes
such as differences in the external shape of the crystals of
the same form, which in turn can be éltered by process
conditions pertinent to the crystallizatioh of a given form.
20 Fﬁrthermbre, sample preparation prior to xX-ray diffraction
- analysis can also lead to differences in the relative
intensities for the same solid form. _
The x-ray powder diffraction pattern for éabergoliﬂe Form I
(Figure 2) made according to example 2 and obtained from the
,25 Inel multi-purpose diffractometer shows a crystalline
stfucture with distinctive peaks depicted in the following
table I. Percent peak intensities in table I are calculated
after correcting for the hump (reflective of some amqrphous
cabergoline mixed in with form I) in the baseline of x-ray

30 powder diffraction pattern of form I shown in figure 2.
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in the baselineof 30 '

of X771 9§70 powder g5 Tactijon pagfeffn of form | shown in
figure 2. | August-200gcgTabtg—t+—X diffriactToy dfa, Form | Angle
I ntensity | ntersit 100858 dono-ot ‘ 197 577 21.17

sy 28 £ps—He60 : 3946788 104 .
12.193 537 19. ¥ 3 g7z§i§49 31 17232&3658 156 2Z;249016./L1 788 28.91
18.707 2725 100-00 182 %22 LE37 4472 — 5432368824452 1407 The
- i [ rn f ho lkndwwn  + a1l ana
x-ray powder dli_LLa%.Lgégpatt FA—tof ;L he—kngwn—t-efjresie

24.652 1407 51.63

- The x-ray powder diffraction pattern for the known toluene
5 .solvate Form V_of-cabergoline made acgording to:example 1
(Figure 1) and also described in WO01/70740 has a
crystalline structure with distinctive peaks depicted in the
followihg table II. Percent ﬁeak intensities in table II are
calculated after correcting for the hump (reflective of some
10 amorphous cabergoline mixed in with form V) in the baseline
of x-ray powder diffraction pattern of form V in figure 1.

- Table II X-Ray diffraction data, Form V

Angle Intensity Intensity

20 Cps x1000 %
B.866 2222 100.00
12.287 120 5.40
16.375 . 1242 : £5.90
18.171 887 39.89
18.991 1 700 31.50
21.043 1255 56.50
24.938 : 243 10.93

15 ‘
The de-solvation and phase transformation behaviour of Form

V prepared in accordance with example 1 to Form I was
studied by placing 1.50 g sample of form V in a
crystallization dish in a vacuum oven operated at 43 °C and
20 94.8 kPa vacuum for 48 hours. This drying phase was
. followed by 24 hours at 57 °C and 94.8 kPa vacuum. Samples

- were withdrawn evefy 24 hours for X-ray pdwder diffraction




sol vate Form V. of cabergoline made according to.exanple 11 Augktgdeee 1) and
al so described in WO01/70740 has a crystalline structure with distinctive
peaks depicted in the following table Il. Percent peak intensities in
table Il are calculated after correcting f@r-the hunp (reflective of sone
10 anor phous cabergoline mxed in wth formV) in the baseline of x-ray
powder diffraction pattern of formV in figure 1. Table Il X-Ray

diffractio Fork Angl RA i 0] %. 8. 866
2222 100. 55918150 ORIl Sndl SOBL W LENSH e BE T o000ty 3500,
1 700 31.5@he2&. 84Bib6abDlP48elactosl ddndileialss .sdheattiata ahdwphatbat

t ransf or matd e .0 V. pr ed | ceardan Lt h.exappl e

to Form I deeh ¥ iiareath, Soratinyd ot REm D o B GonheLRi L8
crystal | i z&ianIdi{ shatractevazed vy \ver8peral dbB .at0748e0tcand220 pdaBskPa
vacuum for_ 48 hours., This dryi phase s Jollowed b 4 hours,at 57 OC
hnd o & kKA haBuen behe Sad' O BN IRT RS sola e B Sethay
powder diffipaabties.l August 2006 analysis. Figure 4 shows the tine

resol ved behavi our ynder,, _.thesge, arbitrarily selected conditions., The data
Chovs. t hatt 278 HPUoRREL FH S bt ARIEYA ) B0 FoRBgh COAVEPERng o
forml (chahacktefezetbyeds 83D tnsl phhciilirte FerrS 1Dl paakspmblakt Bin 24

hours and %g% %E ﬂé§8§”§$58£h$@§ Son éﬁ%‘%éMnyﬂ1I that can be

=

10 obtained through procedures described in examples 1 and 2.
Figure 5 depicts the results of the x-ray diffraction
analysiz conducted before and after the treatment of form I
with the procedure described in examples 3.

Differential scamning calorimeter analysis (DSC)

15 Differential scanning calorimeter profiles were obtained
from a Mettler-Toledo 822° differential scanning

calorimeter. The data was collected between 25 and 150°C at
a heating ramp of 10°C/min. Forty micro-liter hermetically
sealed aluminium pans with a pinpricked hole in the 1lid were
20 used.
-Differential scanning calorimeter profile for Form V {(Figure
3) shows a single endothermic thermal event centred around
62°C. This thermal event corresponds to the eutectic melting
of Form V in toluene. For the purposes of this invention
25 eutectic melting is defined as the transformation of solvent
containing solids into a homogeneous liguid solution without
any significant loss of solvent associated with the solids.
Solution calorimetry was performed using a Parr 1455
solution calorimeter to obtain enthalpy of solution data and
30 understand the differences between form V made through the
reverse addition process reported here and the procedure for
' making.form V that was described in W001/70740. The
-measurements were performed in duplicate at approximately

21°C by dissolving approximately 0.3 g of form V sample




72 hours. X-ray powder diffraction anlaysis was al so used! Awgush2@at e t he
ef fectiveness of the procedure described in exanples 3 ) for reducing
anor phous content of form|l that can be 10 obtai ned through procedures
described in exanples | and 2. Figure 5 ddffiets the results of the x-ray
diffraction analysis conducted before and after the treatnent of form|
with the procedure described,in exanples 3. D'fferential scanni ng

cal ori met egpanaly cflﬁrcﬁnp%@t ?r%fgl%;s%gtigxg%pgfr‘??mﬁge | P66 R €52 REQEd | es

wer e obt ai ned roma Mett erenti scanni ng

cal ori net e‘FOqu‘;edata was col |l ected between 25 and 1500C at a heating ranp
of 100C/ M iy OF trya d8 CH Q] | c Jp@_g§ wth a
pi npricked holelr$%%1 |dtﬁg{g%%rggkgéghthféﬁa#gﬁ%gg sc |ng

cal ori met &repe (ave &Ibrawaﬂevveiu@upé 23) 98hbhdoaTenhes dnelrloidier mi c

t her mals evgnt, CEMALT e gﬁgggs to the
eutectic mel i n%y @Ejl?q{l%{-%%n' to &gne or tﬁggp%p%%%?%§8 I'S i nvention
25 eut ect | ket tedgin SWQﬁélf/ﬁrﬁ)é’éOagaMeeatﬂr avefageravabae obf s&f vEMtkikont ai ni ng

-sol ids intg, ég) Illo%kdgaghggofggrv\nfggﬂ -1 wai c%;]% | oss of

sol vent assomate W|th e so ution c orrnetry or med
usi ng a Pafevesss %iﬂmhoéh reacefimet andiicabbt bhat eht Hedpld of soI ution data

and. 30 undebaidnd ddhafidickences BeLHCENLOLEL Vo TBG 1ILS l@\& gy reverse

addi tion process reporte re an the procedure for t hat
~was de¥cr i B ne &7 GipsgriPprd lnebl@lﬂéﬁ@ﬁﬂ@ wEne msmafreﬁbr nlangd i cat e

at oep" Ox 1 SRRl oy DG utdbRSebY! REAPH AEEIREREYudh 3Pl dPrm V sanpl e 1
addition” process would include “reduced molecular order”,

possibly resgsulting from a small amount of amorphous
cabergoline mixed in with forﬁ V. It is suggested that, the

15 fact that “reverse addition” process crystallizes form V
through phase transformation of amorphous cabergoline could
lead to small amounts of amorphous cabergoline to persist
even after the phase transformation form V is seemingly
complete in the slurry. Differences in the enthalpy of

20 solution for form V made tﬁrough different methods can also
have favourable consequences for the de-solvation process
that leads to form T.

EXAMPT.ES

25 The following Examples contain detailed descriptions of
methods of preparation of crystalline forms of cabergoline
described herein. These detailed descriptions fall within
the scope of the invention and illustrate the invention
without in any way restricting that scope. All percentages

30 are by weight unless otherwise indicated.

Example 1. Preparation of crystalline Foxrm V of cabergoline.

- 2.0 g of cabergoline were dissolved in 7.01 g of toluene in -
a 25 mL scintillation vial by agitating with a magnetic
35 bead. In a 125 ml: jacketed reactor equipped with an overhead




- 10 obtained fromeither process in approxinmately. 100 rfLAugfistgdGte
toluene. FormV made fromthe reverséd -additi on procedure reported here
- gave an average value of 23.93 kilo Joules/nole for 5 enthal py of
sol ut i orgiiidied er@¥nyadechydt he grof dieweanepor tedsitn PABOL PE740 gave an

average value of 25.56 kilo . Joules/pple. The |ower .val f formV nmade
t hr ough e °G e PTECEdHP F‘SﬁlﬁV%c%dgg%p?)ﬁ%'f%%% e&h&%ﬁaii@%u?' ©

exot her HGRldoy .Cameechbieghdl Ak Veonyshat st @himi tweldiane oggh then he procedure
descri bed in \WO01/7Q740.. _The reasons, for | ower t . $olution for
formV Hﬂﬂ@r?‘ﬁrt&?ﬁ‘l’ﬁyr é‘égﬁgetoa‘dﬂ?‘?i B PP OCREE %Lﬁb gljrf%clq{}&g Feduced
ﬁlesecul l%rgi%@qrdhd inP@ss %é?ctesubét ngt f 2@ ﬁemﬁaidﬂicmﬂ)h mﬁrhafmaa’n%pf hou?]
cabergoline mxed in wt rmV,_lt is suggested t t ¢t that

' 1 ever s BTGB WS &E’@%egr {jgt%ﬂ%iE%%Of%‘gﬂ?%ﬁ RSy gﬁg RoS a(@?fl?ejcéll e

transf ordmi 1t i@ dF0EpBOUsnEahergeki titargal dsol s Ao wi tdrddngt s of

anor phous cahergoline to persist ern a%er theocrgha%e treansifht%[] tion form
Vis se@idgipn SnSVery Fhnghe Sroptst oF T SEESHHAYe enthal py of 20
sol uti on f;@f Shorgm Yasegderthrenehreed f &5 enhormidiod by aolasizechave

favour abl e consequences for the de-sol vation ocess hat | eads .o form.
EXAVPLES igt THEIPSEPB nghExa kTS ‘&?ﬁlt%trjnr’ﬁ%% aﬁ'cqreélsd Oc?ﬁspt%?onsl%of '

met hods o@f prepanakbi eAmpiceiyst k| ine dQsemysifimahmrgeitnetedescri bed
herein. These detajled descriptions far',ll within the sq:g)pe of the invention
and i | | ggeraee tohBhRAg e FBRHE O t HBRAPIM S FS %t i ng that scope.

Al percentages 3@ abemby ¥Ei Ghiberitb BSSe OtAfIN S8 iHutircattee. sxampl e 1.
Preparation of crystalline FormV of cabergqline. .
was discharged onto a filtration ask operating under
15 reduced pressure. The cake was washed with 10 mL of heptane
to remove mother liquor and wash away excess toluene from
the solids. The solids were left on the filter for twenty-
five minutes under pressure.
They were identified as form V by XRD, per the data shown in
20 figure 1 and table 2. Yield was about 100% (w/w) on the
basis of the content of pure ‘‘toluene free’’ cabergoline.

 Example 2. Preparation of crystalline Form T of cabergoline.

The toluene solvate form V obtained in example 1 was placed
in vacuum oven at 43 °C and under 94.8 kPa of vacuum for 48

.25 hours, followed by 6 hours at 55 ©C. After drying the

| overall vyield has about 93% on the basis of pure cabergoline
initial content and the résultant solid form was identified
as form I by XRD. The pattern had all the characteristic
peaks listed in table 1, however, it also had a small “‘hunp’’

30 in the base iine of the x-ray powder diffraction pattern

indicative of some amorphous material mixed in with form I

(figure 2 and the pattern labelled .‘‘starting material’’ in




2.0 g- of cabergoline were dissolved in 7.01 g of tol uenel August20Q%5 ni
scintillation vial by agitating with a magnetic 35 bead. In a 125 nL

j acket ed reactor equi pped with an overhead 1 August 2006 13 agitation
system cooled 30 g of heptane to a set poilat-of -18 'Cin order to
achieve a tenperature of -15 OCin the reactor. The cabergoline
concentrate in toluene was then intermttently added to cold heptane over
2 hours, w i js i o] t_ 20 lut jons per

m nut es. %#é@o% = %0 o LS LABEL CLofEtnflof &/ag'lt—'e—ﬁg{p%n t he
conpletio 0 It (IR i . Solids formed wwth the addition of
every sin dropl et of -t nitaie nitial | r

confi rrredglélog aar%?p Ol}igL a&y% g’ %?e%’%‘ Pi %ﬁ?ﬁ%tjéér; (%%%%yf.ﬁhdegq gzla\ll}érq“rogl ‘'was
stirred for0WUechefr smrphtiis €6nghtipinghornndl ebtamed iheswaipdregd i ne
concent.r at G . r h ' r i t

cryst aISI i r?ga FSrm 'O?I%cl?]bgé%o%ioﬁggh%ﬁ&g%gh%%‘?%gfﬁg cgff %rd;% v?/gfs

~di schar gedhemiteqen fIiHe masudribgaskuoper was ngtimded fidr r2tldseitcsproessure. The

- cake was W f Bept t \ hat: | a sh
anay oxced bt Pars d Bs JEP A qhAPiRe Bk W achdQlarbi by

- for twenty Filmratiom 65 aghdepepresngr end@heyreesere detite fdake amsf orm V by

. XRD, .- per :.3h0 j ' I d.iabke. .eld s about 100%

(ww ont %h%g{agfl?ﬂomtdhgﬂ' C(%))%t ie-l%g Eé‘ﬁep‘aﬁ% a%gl %%lngedfgdelg"&%lab rgol i ne.

Exanpl® 2 miPrdesr.atihen sofl idiey wezkl eneliFsed by ocf-catbepaysiéme. The tol uene

sol vate f qf. ai.negi i | ace i N.V 0 at 43 OC
and un'der%?%ag%té%&' \%‘gg%u%]égggkggﬁﬁﬁgﬁ%ﬁr%g f%ﬁgtme ;HEG \é@lr}rhs at 55 OC.
- After dryismprpheusovelairigolisedbhiew theude®s9t bon t hgnijssiHrok-pave
Cabergo“'ﬂ%wder diffraction technique (see “purified material”

pattern in figure 5).

15




initial content and the resultant solid formwas identifiigthgug@0®orm | by
XRD. The pattern had all the characteristic peaks listed in table 1,
“however, it also had a small "hunp" 30 in the base line of the x-ray powder
“diffraction pattern indicative of some anorphous material mxed in Wth
forml (figure 2 and the pattern |abejded "starting material" in 1 August
2006 12 Exanple 3. Reduction of anorphous content of crystalline Forml
of cabergoline. To a 12 nL vial equipped with a magnetic bead for
agitation, 100 ng of anorphous containing formI| obtained in exanple 2 5
was added.;Thi,s was followed by the addition of 2.0 g of heptane. The
resul ting y was stirred for 24 hours on nmagnetic plate at 45 OC. The
slurry was then discharged onto a filtration flask operating under

pressure. 1The cakgr¥@sssWashed Widhdeihdl ebyHepi ange angoatr - dri edef or
thirty 10 nknute . _The solids were analysed,bg x-ray powder diffraction.
They wer eF2PEEAPT£18d a& ¥t mPEOSEREds SOMPE ASEamoriihoid SRZFETGER n8Lbel ow

t he detectbbnehensbivhoe KermyV powdebedigbliaet henihgchnéuRD(peedapurified

material " ag%%grnoifn fﬂ‘i 5) 1? 1 A%%%trs%()%ac\iﬂ]ﬁ QA M, 1 A pLocess
for produglng crystallin orn1} ot ¥ cabergoline, |8h process conprises
- the prepafFaRversspn iptoecpeysioraine Famm L off cahergeiliine-havi ng t he XRD
powder pattern of Figure 1 by "reverse addition" and its conversion into

crystallipe Form | of cabergol.ine. ,
y . B. LA process accé%ding' to claim 1 in which the reverse

addition is the addition of toluene-cabergoline concentrate
to cold heptane to form a solution containing solid

cabergoline.

3. A process accordingito claim 1 in which the preparation
of toluene solvate Eorm V comprises dissolving raw
cabergoline, or any mixture containing crystalline form of
cabergoline including Form I crystals, in a suitable amount
of a toluene at room temperature, adding the resultihg
concentrate to cold heptane at temperatures below -~10 °C,
keeping under agitation the vessel containing heptane at
temperatures below -10 °C and controlling the intermittent
. addition rate for cabergoline concentrate to cold heptane
in such a way that all the concentrate is not added in less
than 2 hours, stirring the resulting solution containing
solid cabergoline and donverting the resulting solvate form
V into cabergoline Form I by de-solvation and drying

process.

4. A process according to claim 3 in which the suitable
amount of toluene is from 2.5 to 4.0 g of toluene per gram

of cabergoline.

5. A pﬁocess according to claim 3 in which the suitable-
amount of toluene is about 3.5 g of toluene per gram of .

cabergoline.




2. A process according to claim1 in which the reverse adéligust@n0d s t he
addi-tion of toluene-cabergoline concentrate to cold heptane to forma
solution containing solid cabergoline. 3. A process according to claim1l
in which the preparation of toluene solvate formV conprises dissolving
raw cabergoline, or any m xture contaifing crystalline form of
cabergoline including Form1 crystals, in a suitable amount of a toluene
at roomtenperature, adding the resulting concentrate to cold heptane at
tenper at urfes DelPd@RCes 'aCCondEHasi ngo urdermagt t ani omitdie Veesslolgdavai ni ng
hept ane atcorir@ipehnat Wesi PekbawerdBlheand coniFpbdi RS t He danbRirELi-ent
addition rate for cabergoline concentrate to cold heptane in such a way
that all HF&¥rddnt’t ater it ATradder ithusss€ayShan 2 hours, stirring the

resulting solution containing solid cabergoline and converting the

resul ting 7510'13{6‘&3%2&8%@‘ at-ddi A eabesaohibng Forml By ge- sk vathen,and
drying process. 4. process according to claim3 in which the suitable
amount of CELEERE1NE FPBAFRLEAES 45 0T¢ehEhed|vidde Grekd Jrehanst: caber gol i ne.

5. A process according to claim3 in which the suitable anount of tol uene

1S about .5 4 @lodaldiene. fsti 0y 3R o, A0S BLLRE: LoAIUSn8099 14 O A

process acéondln%ito cla € So on contalnin .
caber gol i REYii8Isthiher &@ligisa aferigtt ateteatdelow - 1o selfofiRglnerdiffan
three dayds tarAiptocessbgctending theClsailidd b whiecRolkatkolfuenev,

caber gol | ne cengentnat e is; gHenghed With SQLAeRADe the solids, or

combinations thereof.

9. A process for producing solvate form V of cabergoline
having the XRD powder pattern of Figure 1 which process
comprises dissolving raw cabergoline, or any mixture
containing crystalline form of cabergoline including Form I
crystals, in a suitable amount of a toluene at room
temperature, adding the resulting concentrate to cold
heptane at temperatures below -10 °C, keeping under
agitation the vessel containing heptane at temperatures
below -10 °C and controlling the intermittent addition rate
‘for cabergoline concentrate to cold heptane in such a way
that all the concentrate is not added in less than 2 hours,

stirring the resulting solution containing solid
cabergoline and collecting the resulting solvate form V of
cabergoline.

10. A process for producing crystalline Form I or

crystalline Form V without the presence of any detectable
amount of amorphous cabergoline, which process comprises
suspending Form V or Form I crystals under moderate
agitation in pure heptane at a temperature of from 45 ° to

60°C for about 4 to 20 hours.




8. A process according to claim?2 further conprising findlAugast@®leg t he
solids of -the solvate FormV, said final drying 1is carried out by heating
the solids of the solvate formV, reducing the anbient pressure
surrounding the solids, or conbinations thdreof. 9. A process for
produci ng solvate formV of cabergoline having the XRD powder pattern of
Figure 1 which process conprises dissolving raw cabergoline, or any
mxture contahnbRgCLLYSLALbiAenbOLR 8laeaDeh0BhhRg LRE) HdANg, FORRE
crystals, I1n a suitable anbunt uene at room tenperature, addlng

t he resuItVﬁchéﬁﬂ@bht@\a@@tl-bl%%lcdf tkrdpzmaa:etaém@eﬁaﬁ@ﬂe@béh@w 10 ' C,
keepi ng un t sselg tAl enper at ures

bel ow - 10 ggégﬁgg%%ﬁt%%P?é€€m¥%é§?nfg%ﬁﬁ?fgtgggﬂglt|Q%S?%}E for
cabergoline concentrate to cold heptane in such a way that all the
concentrate is not added in less than 2 hours, stirring the resulting
solution containing solid cabergoline and collecting the resulting solvate
formV of cabergoline. 10. A process for producing crystalline Forml or
crystalline FormV wi thout the presence of any detectable anmount of

anor phous cabergol i ne, which process conprises suspending FormV or Form |
crystals under noderate agitation in pure heptane at a tenperature of from
45 0. to 160'C for about 4 to 20 hours. | August 2006 15 11. A process
according to claim 10 characterized in that very small quantities of
toluene are al so added to the suspension in heptane of FormV or Forml
crystals. -




