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15 described and claimed in US 4,526,892. The synthesis of
Cabergoline molecule is reported also in Eur. J. Med. Chem.,
24,421, (1989) and in GB-2,103,603-B.
During our work we discovered that cabergoline can exist in
at least two crystalline forms under ambient conditions. One
20 form (coded Form I) is an anhydrous not sclvated form and,
to our knowledge, it is the only form reported in the
literature to date. Form II is an anhydrous not solvated
form too.
Thus, the present invention concerns a new polymorph (Form
25 II) of cabergoline and the preparation thereof. Another
aspect relates to samples of cabergoline Form II having a %
polymorph purity > 90%, preferably >99%. The invention
further provides a pharmaceutical composition of cabergoline
Form II and its use as therapeutic agent.
30 Description of figures
Figure 1. XRD powder pattern of cabergoline Form II.
Figure 2. DSC curve of cabergoline Form II.
Figure 3. IR spectrum of cabergoline Form II (sample
prepared by KBr powder technique) .
35 Figure 4. Solid state “C-NMR spectrum of cabergoline form
IT.
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a pestlelB® amldwame aptl perckedatwuresan al um num sanple tray with a 12
mm (di an X &S iE9cay] ty. DSC  Measurenents of differential scanning

cal ori rretry were obtalined on a Mettler TA 4000 thermal anal ysis system
-ray powder diffraction (XRD), differential scanning

15 calorimetry (DSC), infrared (IR) spectroscopy and solid
state “C-NMR were used to characterise the new form.
X-Ray Powder Diffraction
Powder X-ray diffraction was performed using either a
Scintag X1 or X2 Advanced Diffraction System operating under
20 Scintag DMS/NT® Ver 1.30a and 1.36b respectively, and
Microsoft Windows NT 4.0™ software. The system used a
copper X-ray source maintained at 45 kV and 40 mA to
provide CuKa, emission of 1.5406 angstroms and a solid
state peltier cooled detector. Beam aperture was controlled
25 using tube divergence and anti-scatter slits of 2 and 4 mm
and detector anti-scatter and receiving slits of 0.5 and
0.3 mm width. Data were collected from 2 to 40° two-theta
using a step scan of 0.03°/point with a one second/point
counting time. The samples were hand ground using a pestle
30 and mortar and packed into an aluminum sample tray with a
12 mm (diam.) x 0.5 mm cavity.
DsSC
Measurements of differential scanning calorimetry were
obtained on a Mettler TA 4000 thermal analysis system.
35 Approximately 8.5 mg samples were accurately weighed into a
DSC pan. The pans were hermetically sealed and a pinhole was
punched into the pan 1id. The use of the pinhole allows for



35 Approximately 8.5 ng sanples were accurately weighed into a DSC pan.
The pans were hernetically sealed and a pinhole was punched into the pan
lid. Thewseimfat he pinhole allows for WO 01/72747 PCT/ EPQd103Q983093
pressure rel ease, but still assures that the thernmal reactions proceed
under controlled conditions. The sanples were introduced into the DSC oven
and then heated at a rate of 5 DEGC/mn, up to a final tenperature of 135
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apprOX|nat E%CQ g e9 4, 11.6, 16.5 and 21.5 deg 2- theta. The DSC curve of
Form 1| gure f exhibits a nelting endotherm at approximately 96-102C.
The Hﬁte@pénédSﬁétﬁlng NPB endot herm has a heat of fusion of approxi mately
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characteristic do about 70 and 1690 cm+ 1 due. to carbonyl
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experiments were performed by a decoupling field of 50 KHz
15 and single pulse magic angle spinning experiments with
recycle times ranging from 10 to 100 records.
The XRD, DSC, IR and NMR curves are shown in Figures 1-4
respectively.
The x-ray powder diffraction pattern for Form II (Figure 1)
20 shows a crystalline structure with useful distinctive
peaks at approximately 8.5, 9.4, 11.6, 16.5 and 21.5 deg 2-
theta.
The DSC curve of Form II (Figure 2) exhibits a melting
endotherm at approximately 96-102°C. The integrated melting
25  endotherm has a heat of fusion of approximately 7C J/g.
The IR spectrum of Form II is shown in Figure 3. It shows a
characteristic double band at about 1670 and 1690 cm* due
to carbonyl stretching.
The solid state “C-NMR spectrum of form II is shown in
30 figure 4.
These data indicate that cabergoline Form II is a
crystalline polymorph easily distinguishable from form I by
XRD, IR and solid state “C-NMR techniques. Also DSC, when
combined with another analytical technique, is a method to
35 distinguish the two polymorph forms.
Crystalline cabergoline I has been reported in Il Farmaco,
50 (3), 175-178 (1995). However, to applicants' knowledge,
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may be raeovelr emxtquiomm q}rmﬁaﬂnseslemb@ﬁam gur. J. Med.
15 Chem., 24, 421, (1989), in a suitable amount of an organic
solvent. Suitable organic solvents include ketones,
acetals, ether, esters, and the mixture thereof. Ketones
and esters include straight or branched C,-C, ketones, C,-C,
esters such as acetone, methyl ethyl ketone, methyl
20 acetate.
Ether solvents include straight or branched C,-C, ethers
such as diethyl ether, methyl t-butyl ether. Preferred
solvents are diethyl ether, methyl acetate, diethoxymethane
(ethylal), methyl tert-butyl ether, acetone or methyl ethyl
25 ketone. The resultant solution is then concentrated and
cooled. Preferably the solution is kept at about - 5°C for 1
to 7 days, preferably for 1-3 days. The thus obtained
crystals may be recovered by common procedures, for example
by filtration under reduced pressﬁre of by centrifugal
30 filtration, followed by drying the crystals, to obtain the
crystalline Form II cabergoline of the present invention.
Crystalline Form II cabergoline may be also prepared by
subjecting a mixture of crystal forms I and II of
cabergoline to a slurry procedure at a temperature below
30°C.

Preferably, the mixture is stirred at room temperature in
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organic aliphatic linear C,, alkanes or C,-C, ethers such as



by filtration under reduced pressure of by centrifugal 30 filtration,
followed by drying the crystals, to obtain the crystalline Formll
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Forms II in accordance with the invention is particularly
useful in the treatment of Parkinson's disease (PD),
Restless Legs Syndrome (RLS), treatment of diseases like

20 Progressive Supranuclear Palsy (PSP) and Multysystemic
atrophy (MSA). Thus, another aspect of the instant invention
concerns a method for treatment of Parkinson's disease (PD),
Restless Legs Syndrome (RLS), Progressive Supranuclear Palsy
(PSP) and Multysystemic atrophy (MSA) which comprises

25 administering to a host an effective amount of cabergoline
Form II
Cabergoline Forms II of the present invention may be used in
a manner similar to that of cabergoline Form I; therefore, a
person skilled in the art of CNS diseases treatment will be

30 able to ascertain, without undue experimentation, an
appropriate treatment protocol for administering a compound
of the present invention. The dosage, mode and schedule of
administration for compounds of this invention are not
particularly restricted, and will vary with the particular

35 compound employed. Thus Forms II of the present invention
may be administered via any suitable route of

administration, preferably orally. For CNS diseases
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solutions, suspensions, suppositories, emulsions,
dispersions, food premix, and in other suitable forms. It
may also be manufactured in the form of sterile solid
compositiong, for example, freeze dried and, if desired,

20 combined with other pharmaceutically acceptable excipients.
Such solid compositions can be reconstituted with sterile
water, physiological saline, or a mixture of water and an
organic solvent, such as propylene glycol, ethanol, and the
like, or some other sterile injectable medium immediately

25 before use for parenteral administration as a suspension
(microdispersion) or in solution.

Typical of pharmaceutically acceptable carriers are, for
example, manitol, urea, dextrans, lactose, potato and maize
starches, magnesium stearate, talc, vegetable oils,

30 polyalkylene glycols, ethyl cellulose,
poly (vinylpyrrolidone), calcium carbonate, ethyl oleate,
isopropyl myristate, benzyl benzoate, sodium carbonate,
gelatin, potassium carbonate, silicic acid. The

pharmaceutical preparation may also contain nontoxic
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auxiliary substances such as emulsifying, preserving,
wetting agents, and the like as for example, sorbitan

monolaurate, triethanolamine oleate, polyoxyethylene
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hour at ﬁHéﬁ@?Eﬁp@?é@u?@déﬁd %%@nt¢¢lm%%%%F%NW%§(§W¢rHQQtQ9r Qfder vacuum

Thle fl(!)|tﬁbu!\/a§t\/\@§&ﬂdt(:jé\mﬁ@r59uﬁé @Ilflddilﬁrhyﬂtjblt%f%% & tdIE/EcCHﬂl%]getred g
sol ution, concentrated_unt volu out s.transferred into
a react of™ §ﬁ5 VEGUY By Hpe- ]%:‘SJCUFBrwaiS 4W%§§/§£wﬁﬁéqsipsﬁ‘é]ns?%ﬁi]\ﬁ§sly ltered 15
using a gkhss anﬁtEheuodblewaeﬂugmrmmhmﬁmammnmﬁnﬂﬂaunﬂfnﬁﬁui axake was

vashed vibhup0 Bt ofogtebinly etheL PEEieRalet: aln e, S0 e Lesuld | ng

crystals were then dried un vacuum a weight. Yield
was abouEopdedontt hed b@sfer bf4p®$ESCéﬁhﬁgﬁﬂSHﬂﬁﬂkﬂnlwﬂs(ﬁﬂﬂ&ﬁﬂﬁd The

resuli antis¢h¥shablass filter under vacuum and the crystalline solid
cake was washed with 50 ml of diethyl ether pre-coocled at -
5°C. The resulting crystals were then dried under vacuum at
35°C until constant weight. Yield was about 70% on the basis
of pure cabergoline initial content. The resultant crystal

20 Form II, having a polymorphic purity >98%, was identified by

XRD, DSC, IR and NMR, data shown in Figures 1-4
respectively.
Example 2

The oil containing 35 g of pure cabergoline was dissolved in

o
n

210 ml of methyl acetate. 1.8 g of carbon and 18 g of sodium

sulphate were added, and the mixture was stirred for one

hour at room temperature and then filtered on a GF/F filter

under vacuum. The filter was washed with 50 ml of methyl

acetate, and the collected solution, concentrated until a

30 volume of about 80 ml, was transferred into a reactor and
cooled at - 10°C for 1-3 days. The suspension was filtered
using a glass filter under vacuum and the crystalline solid
cake was washed with 50 ml of methyl acetate pre-cooled at -
10°C. The crystals were then dried under vacuum at 35°C

35 until constant weight, yield about 70%. The analytical data

were the same of example 1.

Example 3
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m xture was stirred for one hour at roomtenperature and then filtered on
a G-/F filter wunder vacuum The filter was washed with 50 m of nethyl
acet at e, Teadoit heconidstineg Iblatg af, rworec eabeaied imet wksad3@sedlvade of

about 80; 4l a5y (genshigrred Lnto  deactaorda GaoLedsakoniiC for 1-3

days. The suspension ered” usin ass er vacuum and
the crysPaPhigies stpiel addgd el idshad Utlﬁ‘ 5@ SmStafr reet Kt QB6t at e

pre- cool gsuatat 13&55(1 Jéwp@fafai@ Saﬂ&ertelernhem@relxe@ wadar gragugrmat35C 35
until_constant we Ei/\gl(%abom 70% _The n%oé |%§I dat a \f/ere t he sane
of exanmpfeidr ‘H%\" T’)ﬁ/ YSRTRE PET G Phe 6t 18dnt ai ni ng
38.6 g othpurel tabrdddne was, dicgreintedted udsalnk obletdybal abdu8 g of
carbon apdy 18 0 0. sodiime sl phats, vere added, and the mxturg uas stirred

for one our ‘at” Toom t eénperature an then ter 5
under vakemm -4arEayd | tBre vasspershiad watsh £30 teiredf uetlhlyfl al glashe col |l ected

SO'Ut'Onflfﬁgﬁxﬂﬂ&éﬁ‘ﬁgdﬂﬁﬂ|aﬁE\Hﬂé“y%y%&aQQQHE S%Q%dnkak@a§agransferred

into a reactor and cool ed € suspensit on was

filtEr edvahery o gt &% ™ |Qﬁ @rtfl)’rlr@ér W@c&?@ﬂ&ﬁdatthe &rf{st ahki ne solid cake
was 10 W tdrS QG HEn frieidhimde rPreceoal 88 36°c dkciTheonsEystal s are

then drie nder vacuum at G un const ant yi el d about 500. The
anal yt i &+ Q'a a:%p%ta??é) of%gx Eé( icaExgeﬁﬁgewﬁrTSt?ﬁesﬁi“?
cont ai niofy Sanple af. pure cabergoline was dissolved in 650 nml of nethyl
tent'bUtﬁ,)Lan%lrEer4 1.8 g of carbon and 18
15 The o0il containing 30.5 g of pure cabergoline was dissolved
in 650 ml of methyl tert-butyl ether. 1.8 g of carbon and 18

g of sodium sulphate were added, and the mixture stirred for
one hour at room temperature and then filtered on a GF/F
filter under vacuum. The filter was washed with 50 ml of

20 methyl tert-butyl ether. The collected solution,

concentrated until a volume of about 100ml, was transferred
into a reactor and cooled at - 5°C for 1-2 days. The
suspension was filtered using a glass filter under vacuum
and the crystalline solid cake was washed with 50 ml of

25 methyl tert-butyl ether pre-cooled at

- 5°C. The crystals formed, probably a solvated form, were
dried under vacuum at 35°C to give form II, yield about 75%.
The analytical data were the same of example 1.
Example 5
30 A mixture of 200 mg of form I and of an equal amount of form
IT was added to 50 ml of n-hexane at 25°C. The suspension
was stirred for about 12 hours, then filtered using a glass
filter under vacuum. The collected crystals were identified
by analytical methods as pure form II. The analytical data
35 were the same of example 1.

Example 6



g of sodi um sul phate were added, and the m xture stirred for one hour at
roomtenperature and then filtered on a G-/F filter under vacuum The
filter wwooashyed with 50 M of 20 nethyl tert-butyl ethgérpphGes | ected
solution, concentrated until a volung of about 100m , was transferred
into a reactor and cooled at - 5C for 1-2 days. The suspension was
filtered using a glass filter under vacuum and the crystalline solid cake
was washedmikt br&0ofl sofm@Sofretdwth I ertd uft yisetkero fprrerandliedaat - 5C. The
crystals r ped robably.a solvated form_ e ried _under vacuum at 35C
to give ?%&%E??? gi%fdoéﬁ%h t et 2&%ﬁwﬂ%ﬁibaIgﬁéﬁggﬁgﬁéophg%gane of
exanpl e dtiExadpfer5alBOuA 12 xtauwss oftiZ00 fgl tefrefbrmingamrd sdfassn equal
amunt OffiiQf%P‘uxll e¥ag, Added +0. f(%elrﬂe ed A Atyed2C gLhe §4gRENSI ON

was stirred for about 12 hours, n filtered using a glass_ filter under

vacuum DYieaedlyeteal BeyRIAT 2t deii® fi%ed TSy casdMpdicédl défhods as
pure forgatd.cdbesanal yticadmpied a. 35 were the sane of exanple 1. Exanple 6
WO 01/ 72747 PCT/EPO /03098 9 A mixture of 50 ng of formI| and of 350 ny of
formll was added to 5 m of diethyl ether at -5C. The suspension was
stirred for about 12 hours, then filtered using a glass filter under
vacuum The collected crystals were identified 5 by anal ytical nethods as
pure formll. The analytical data were the same of exanple 1. WO 01/72747
PCT/ EPO /03098 10 CLAIMS 1. Crystalline formlIl of cabergoline. 2.
Crystalline formll of cabergoline according to claim 5 which is
anhydrous, non-sol vated and has a percentage purity greater than 85% 3.
Crystalline formll of cabergoline according to claim1l



whi ch i s anhydrous, non-solvated and has a percentage purity greater than
9800. 10 4. Crystalline formll of cabergoline having the XRD powder

pattern gfy &g 1. 5. A pharnaceutical conposition whic an
effective(éﬁéung of crystalline Forn1gé as defined in anypcgﬁgﬂgpﬁgfains 1

to 4 in conbination with one or nore phar maceutical |y acceptabl e
carriers, excipients, diluents or adjuvants. 6. A process for producing
cabergoline Formll as defined in any one of claims 1 to 4, which process
conprises crystallisation of the d%%%i%ﬁ formll froma solution of 20 raw
carbergoline in an organic solvent at a low tenperature. 7. A process
accordin% to cl the organic,.solvent is a ketone, an acetal,

ime6 in whic
a |inear etﬁ§¥§%§ﬁhégﬁefoép>q§ X 0-E TRerdst. 25 8. A process accor di ng
to clai ne6 aryétied luhiecHotrhe ISolovercabies afilatriwy lacatdyatingr uretdddintert - but yl
ether, 9, .A procge r._producin linhe Fy m] |, as. defined in any
one ot CV§%§§ ?%téﬁg&%ﬁﬁﬁgﬁ %%gbgggﬂggﬁ%ffggg E%ibf%é%ing a ﬁ?ﬁture of
caber gol phgiftor meebtamd theni 854 -30 sol vent at a tenperature bel ow about 30C

to a slupryc.pLecedyne. rl0n élpro%%%%&%%qrﬁiéwgact&r@iaigﬂt% id i ch the
solvent is diethyl ether or n-hexane. 35
which is anhydrous, non-solvated and has a percentage
purity greater than 98%.
10 4. Crystalline form II of cabergoline having the XRD powder
pattern of Figure 1.
5. A pharmaceutical composition which comprises an
effective amount of crystalline Form II as defined 1n any
one of claims 1 to 4 in combination with one or more
15 pharmaceutically acceptable carriers, excipients, diluents
or adjuvants.
6. A process for producing cabergoline Form II as defined
in any one of claims 1 to 4, which process comprises
crystallisation of the desired form II from a solution of
20 raw carbergoline in an organic solvent at a low
temperature.
7. A process according to claim 6 in which the organic
solvent is a ketone, an acetal, a linear ether, an ester cr
a mixture thereof.
25 8. A process according to claim 6 or 7 in which the solven:z
is diethyl ether or methyl tert-butyl ether.
9. A process for producing cabergoline Form II as defined
in any one of claims 1 to 4, which process comprises
subjecting a mixture of cabergoline forms I and II in a
30 solvent at a temperature below about 30°C to a slurry
procedure.
10. A process according to claim 9 in which the solvent 1is

diethyl ether or n-hexane.



