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Rest | ess Le f i
Supr anuol carRarey iBSHE The qEhERl e of A N IS i s
caber gol i ne cBgiboniy 1) aih-4Bhgidmetky hanisapwepel) -3 -ethylurea, described

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

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

15 24,421, (1989) 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 veterinary
medicine. Cabergoline is also active, alone or in
combination, in the treatment of reversible obstructive
ailrways diseases, for controlling intra-ocular pressure and
for the treatment of glaucoma. It is 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 described in
W099/48484, W099/36095, US5705510, W095/05176, 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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has never been heretofore used. Efficiently preparing

highly pure cabergoline in crystalline Form I in yields

exceeding 90% provides benefits with respect to industrial

costs and environmental considerations. Moreover, a

15 distinct, unique and desirable de-solvation behavior for
the resulting form V towards the isolation of form I was

discovered.

SUMMARY OF THE INVENTION

20 The present invention concerns a new process for preparing
crystalline Form I of cabergoline.
The method of the present invention comprises the
preparation of Form V using heptane as precipitation
solvent, and its exclusive conversion into crystalline Form

25 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.

In a second aspect, the invention provides a new process for

30 preparing solvated pure crystalline Form V of cabergoline
through phase conversion of initial amorphous precipitate
into form V under kinetic control and, in a third aspect, a
process for preparing pure crystalline Form I of

cabergoline from solvated crystalline Form V of cabergoline
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accordance exanple 1, at arbitraril sl ecte 't 5is an
X-ray diffrﬁ@ﬁmoﬁlp@@d@rmnceﬁpardsuneoWltbrExﬁmpébtélned in exanple 3 with
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According to the present i nvéntion,” Form y préepare
"reverse adﬂﬁﬁk@n@hpr§§§§§l§tactbﬁgCﬁwﬁﬁadﬂu@@ caveggodlineMEchant sm f or

this |nY@Ivg§C LeSH |%gt§ggm% %nnrphous cabergoline foll oned by phase
conversion to orn1 uri the crystallization process. A consequence

of this pafﬁﬁay3|$Stha@lfﬁ¢n$ntlm&kﬁ¢¢nmnwg1qaiaﬂxmguﬁnnﬁﬂﬁﬁh basfile

of Form V, showing thermal event associated with eutectic

melting of cabergoline with toluene.

FIG. 4 is a time resolved x-ray powder diffraction analysis
15 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.

20 DETATILED DESCRIPTION QOF THE INVENTION

According to the present invention, Form I can be readily
prepared by a “reverse addition” process starting from crude
material. Mechanism for this involves precipitation of
amorphous cabergoline followed by phase conversion to form V

25 during the crystallization process. A consequence of this
pathway is that form V made through reverse addition has
higher free energy than form V made from toluene-di ethyl
ether described in the prior art. This results in a digtinct
de-solvation behaviour for form V made through this new

30 process, which is found to be more conducive 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-

35 solvation and drying process.
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cabergollebﬂem 4Eg%%e§ aéggﬂlgpk &Q@gggh ?gr %tggﬁls described in Eur.

. 1,(1 or —any nlx containing 20 crystalline form
of cabergolﬁhe pnotedenngbhe1¢re$§Btadmvenﬂmqnrﬁnrfgnmduﬂmagprocedures

descri bed i@r&@%a%i?ﬁ&”@&ﬂé?&@ﬂine Form I is characterized by

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

15 preferred for its toxicological 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 suitable 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 cabergoline. During
the addition of cabergoline concentrate, the vessel

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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be The slurry of amorphous cabergoline is stirred at
temperatures below — 10 °C for no more than three days to
rhase 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 mlL 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 subsequent de-solvation and
drying process to make form I.

25 Form 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
combinations 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 drying can be carried

35 out and/or the time of drying likewise is reduced.
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that preferably does not exceed about
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 quantities 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 W001/70740.

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

35 solvate Form V and form I of cabergoline.
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met hod by suspending FormV or Form | crystals under noderate agitation,
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Char act eri s& igﬁ’ y3#%y5%835e?£d?f§%%c?? r§?§@{5e%ﬂ§§9 §€gt?%)5ﬁ§F5@Ferise
the 35 sol FatetkRer M¥landltbdrputpode cébeftpnd toreet M) CHIBES Jere

PCT/ EPO3/ 02628 X-ray_diffraction al.ysi s Powder X-r diffraction was
per f or med uglaralﬁeéi f‘ﬁe?naaggfné%% ﬁ%%ge _p%??\i]‘i?r cﬁl?cfr%ac"’f odra%ttaety‘fe&e an | nel
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5 the raw data were neasured for 20 (two theta) values from2 to 50, with

steps ofi%0. G28UdRE"EPEF¥eri ods of two seconds.
It is worth mentioning that while peak positions in x-ray

powder diffraction reflect the three-dimensional long order
within a crystalline form defined by its lattice parameters
and must be the same for a given solid form, 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 altered by
process conditions pertinent to the crystallization of a

20 given form. Furthermore, sample preparation prior to x-ray
diffraction analysis can also lead to differences in the
relative intensities for the same solid form.
The x-ray powder diffraction pattern for cabergoline Form I
(Figure 1) made according to example 1 and obtained from the

25 Inel multi-purpose diffractometer shows a crystalline
structure 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 amorphous
cabergoline mixed in with form I) in the baseline of x-ray

30 powder diffraction pattern of form I shown in figure 1.
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The x-ray powder diffraction pattern for the known toluene
solvate Form V of cabergoline made according to example 2

5 (Figure 2) and also described in WO01/70740 has a
crystalline structure with distinctive peaks depicted in the
following table II. Percent peak intensities in table II are
calculated after correcting for the hump (reflective of some
amorphous cabergoline mixed in with form V) in the baseline

10 of x-ray powder diffraction pattern of form V in figure 2.

Table II X-Ray diffraction data, Form V

Angle Intensity Intensity
286 Cps x1000 %
8.866 22272 100.00
12.287 120 5.40
16.375 1242 55.90
18.171 887 39.89
18.991 700 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
94.8 kPa vacuum for 48 hours. This drying phase was followed

20 by 24 hours at 57°C and 94.8 kPa vacuum. Samples were

withdrawn every 24 hours for x-ray powder diffraction
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has a crystalline structure with distinctive peaks depicted in the
followng table Il. Percent peak intensities in table Il are calculated
after correcting for the hunp (reflective of sone anorphous cabergoline
m xed in w emaflysieV) FigurBe4babevs nehd Ot Hie xr eyl yrihderhadi iicura cridesr
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studi ed by pliatiing22. hougssangl ehef ttamaf dhant Fon orass tadnd 1zatd o tdiish in a
vacuum oven .ap rated at 43C and 94.8 kPa vacuum for 48 hours. This drying
phase was fdFl 8®88520 by 24 hours at 57C and 94.8 kPa vacuum Sanpl es were
W t hdrawn ewetay2dolvdersdiGfraetayn pambkey st faaicdion used to evaluate

the effectiveness of the procedure described in examples 3
for reducing amorphous content of form I that can be

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

20 used.
Differential scanning calorimeter profile foxr 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 thig invention

25 eutectic melting is defined as the transformation of solvent
containing solids into a homogeneous ligquid 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 foxr
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



WO 03/078433 PCT/ EP03/02628 - 9 analysis. Figure 4 shows the tine

resol ved behavi our under these arbitrarily selected conditions. The data
shows, t D 03f0TH483 V made i n accordance with exanple 1 begaoTapPayveses ng to
form| (characterized by 9.870 and 18. 707 degyees 2 0 peaks) 5 within 24
hours and the transformation was conplete within 72 hours. X-ray powder
diffraction anlaysis was al so used to evaluate the effectiveness of the
procedure described in exanples 3 for reducing anorphous content of form!|l
t hat can beokbadbedi feeomt ¢ ligh Proeefuriss apyerilpedaly dkanplesfivung 2.
Figure 5 deg%g&énéhe results of the x-ray diffraction analysis conducted
before and after the treatnment of form|l with the procedure described in
exanpl es 3. FOrhf €roade af rem alne rigecers7d sttt igma opsicedupsCrepsrted
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t ol uene. For e purposes of  this invention eutectic nelting is defined
as the transkorharhbopably seodwesnt woraimivhgrsitids iote lachorbyenebus

liquid sol UEk%”P%&QQ&fe é‘é‘é’cﬂ@é&fiﬁ%m%/@z%% . splvent %ﬁ%oﬁgt eyt h
the solids. ofutron calorinetry was performed using a Parr 5 solution
cal ori met er enbhahpwi of eswhiat pyn of oms of e 35 mpedten tihd R Trewessand t he

differencesa&&&%@@ﬂ”fﬁ%&%é@§mwghiﬁwfﬂgﬂhéé“%reduced molecular order”,

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

15 fact that “reverse addition” procegsg crystallizes form V
through phase transformation of amorphous cabergoline could
lead to small amounts of amoxrphous 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 through different methods can also
have favourable consequences for the de-solvation process

fhat leads to form T.

EXAMPLES

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 Form 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
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charge to phase transform amorphous cabergoline to
crystalline form V of cabergoline. After 48 hours the slurry
was discharged onto a filtration flask operating under
15 reduced pressure. The cake was washed with 10 mL of heptane
to remove mother ligquor 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 1. Yield was about 100% (w/w) on the

basis of the content of pure “toluene free” cabergoline.

Example 2. Preparation of crystalline Form I of cabergoline.

The toluene solvate form V obtained in example 1 was placed

25 in vacuum oven at 43 °C and under 94.8 kPa of vacuum for 48
hours, followed by 6 hours at 55 °C. After drying the
overall yield has about 93% on the basis of pure cabergoline
initial content and the resultant solid form was identified
as form I by XRD. The pattern had all the characteristic

30 peaks listed in table 2, however, it also had a small “hump”
in the base line of the x-ray powder diffraction pattern
indicative of some amorphous material mixed in with form T
(figure 2 and the pattern labelled “starting material” in

figure 5).
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2.0 g of cabergoline were dissolved in 7.01,g of toluene in a 25 nL
scintillation vial by agitating with a magnetic 35 bead. In a 125 nL

j acketed reactor equi pped with an overhead WO 03/078433 PCT/ EP03/ 02628 -
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powder diffraction technlque (see “purified material”

pattern in figure 5).
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25 in vacuum oven at 43 C and under 94.8 kPa of vacuum for 48 hours,
followed by 6 hours at 55 C. After drying the overall yield has about 93%
on the bawpD30f84psir e cabergoline initial content and thePCce#gpoy/erses sol i d
formwas identified as forml by XRD. The_pattern had all the
characteristic 30 peaks listed in table 2, however, it also had a snall
"hunp" in the base line of the x-ray powder diffraction pattern

i ndi cative of sone anorphous material mxed in with forml (figure 2 and
t he patterngéggﬁéled "starting material" in figure 5). WO 03/078433

PCT/ EPO3/ 0 = 12 Exanple 3. Reduction of anorphous content of
crystalline Form| of cabergoline. To a 12 nlL vial equipped with a
magneti ¢ bedd Popragesat Lon, PreducigdofrEfbrphens EonMailnPdg form |
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cabergoline below the detection |imts for x-ray powder diffraction

techni que (see "purified material" pattern in figure 5). 15 WD 03/078433
PCT/ EPO3/ 028282 preges€l ArNBrdingAtpr 6éass floinpWddghi fgeciPYEsSisi ne Form |

of cabegsgoljzpe WA 6B RLACESS i COBR" b¥es ol NEnRLERRERELIN NG concentrate
to cold heptane.

3. A process according to claim 1 in which the the
preparation of toluene solvate form V comprises dissolving

15 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

20 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 converting the resulting

25 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

30 of cabergoline.

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

35



5 tol uene solvate FormV of cabergoline having the XRD powder pattern of
Figure 2 by "reverse addition” and its conversion into crystalline Forml
of caber gwbion®78423 A process according to claim1 in whiclrCrhwos/eses se 10
addition is the addition of toluene-cabergalipe concentrate to cold
heptane. 3. A process according to claim1l in which the the preparation of
tol uene solvate formV conprises dissolving 15 raw cabergoline, or any

m xture containing crystalline formof cabergoline including Forml
crystals, i® -alsprogsiss agroning t@ tdlajenhe amn rdvrah dipersaliteioraddi ng

the result IRG +eARSEIY rRfe d Q:a%r%dl‘:ﬂ?}earies aly 4 J:e.trg%f"rtfg W aSegel oWyl 0 C

keepi ng under agitation the vessel™ contai ning 2 hept ane at "t enperatures
bel ow - 10 Chgd@vcodtlr o€ £ay Themorat Ehant thneeadaysion rate for cabergol i ne
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 caber dol @n@rmaﬁommomdi@q He radsulm i2ngirp Slsisity ditee frggndeantt o

cabergol i ne rmgl g, g process. 4. A process
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accordi ng ch t e sul anount of toluene is from2.5
to 4.0 g of toluene per gram 30 of cabergoline. 5. A process according to
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process accdsdicagrieclaitmy ieagiingh thise ssdligs of tdentst hatee st v,
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Y combinations thereof.

9. A process for producing solvate form V of cabergoline
having the XRD powder pattern of Figure 1 which process

15 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

20 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

25 and collecting the resgsulting 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
30 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.



5 7. A process according to claim2 in which the resultant gel is quenched
with cold heptane. 8. A process according to claim2 in which the final
drying iwomanrd4esl out by heating the solids of the sol vareTiEpninigs 10
reduci ng the anbi ent pressure surrounding thgssolids, or conbinations
thereof. 9. A process for producing solvate formV of cabergoline having
the XRD powder pattern of Figure 1 which process 15 conprises dissolving
raw cabergol ine, or any m xture containing crystalline form of cabergoline
i ncl udi ng Fdlm A PEoEssq fcqoy dnguitcalsi i@ igndithtchsiras tasiizask i thedm
tenper at ur e v 34dishg 1t hguLes4kt LAJLEORGEALAA! £rL 0, €06 hadieptiane @

t enperatures bélow -10 C, keeping under 20 agitation the vessel containing
hept ane at te@pengionedn bepsanelofFand ¥oR¥ rBPImng efiestiaterm ttent
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 25 and collecting the
resulting solvate formV of cabergoline. 10. A process for producing
crystalline Form1l or «crystalline FormV wthout the presence of any
detect abl e anount of anorphous cabergoline, which process conprises 30
suspending FormV or Form | crystals under noderate agitation in pure
heptane at a tenperature of from45 to 60C for about 4 to 20 hours. WO
03/078433 PCT/ EP03/ 02628 - 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 Form| crystals.



