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the treatment of reversible obstructive airways diseases, for controlling intra-ocular pressure

and for the treatment of glaucoma. It is also employed in the veterinary field, as
20 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, WO95/05176, EP040,325.
Cabergoline Form I is particularly useful in the treatment of Parkinson's disease (PD),
Restless Legs Syndrome (RLS), treatment of diseases like Progressive Supranuclear Palsy
25 (PSP) and Multysystemic atrophy (MSA).
Crystalline cabergoline Form J, an anhydrous not solvated form of cabergoline, was firstly
prepared by crystalhzatlon from diethyl ether, as described in Il Farmaco, 50 (3), 175-178
(1995)
Another process for preparing crystalline Form I of cabergoline through a toluene solvate
30 Form V was described in W0O01/70740.
For purposes of lowering the cost of the bulk, it is highly desirable to improve the yield of
the industrial production of crystalline Form I of cabergoline and to avoid lengthy process.

Therefore, it is an objective of the present invention to obtain a highly pure Form I of
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FIG. 2 is an x-ray powder diffraction (XRD) pattern showing peaks characteristic of
crystalline cabergoline Form I, according to Example 2.
FIG. 3 is an x-ray powder diffraction (XRD) pattern showing peak characteristic of the
20 original toluene solvate, referred to as Form V made in accordance with procedure outlined
in WO01/70740.
FIG. 4 is a differential scanning calorimeter (DSC) profile of Form X, showing thermal
event associated with eutectic melting of cabergoline with toluene.
FIG. 5 is a differential scanning calorimeter (DSC) profile of Form V, showing thermal
25 event associated with eutectic melting of cabergoline with toluene
FIG. 6 is the time resolved powder x-ray data of the de-solvation phase transformation of
Form X at 43° C under high vacuum (94.8 kPa).
According to the present invention, Form I can be readily prepared starting from crude
material by crystallization from a toluene/heptane or toluene/hexane mixture, through a
30 new solvate Form X of cabergoline. The present process for preparing Form I shows
advantages with respect to the old ones because of the rapid and exclusive conversion of

solvate Form X of cabergoline into Form I. The new solvate Form X of cabergoline, a
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tables I to III herein below.

A special cell that could be heated and evacuated through a vacuum pump was used to study
the de-solvation and phase conversion behaviour of Form X to Form I on the Inel multi-

20 purpose diffractometer. The de-solvation and phase conversion behaviour of Form X to
Form I was studied at
43° C and 94.8 kPa vacuum. The very high vapour pressure of toluene necessitated high
vacuum for efficient solvent removal. For the de-solvation and phase conversion of Form X
to Form I, the Inel multi-purpose diffractometer was programmed to collect X-ray

25 diffraction data for ten minutes every half an hour for a total experimentation time of two
hours and forty minutes (including data collection).
The x-ray powder diffraction pattern for solvate Form X (Figure 1) shows a crystalline
structure with useful distinctive peaks as depicted in the following table 1.
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Intensity Intensity 20 Cps X 1000 %

X-Ray diffraction data, Form X Angle
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The x-ray powder diffraction pattern for cabergoline Form

(Figure 2)

shows a crystalline structure with distinctive peaks depicted in the
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The x-ray powder diffraction pattern for cabergoline Form I (Figure 2) shows a crystalline

structure with distinctive peaks depicted in the following table IL
Table IT X-Ray diffraction data, Form I

Angle Intensity Intensity
26 Cps X 1000 %
9.870 4458 99.86
10.497 1498 33.55
12.193 1244 27.86
14.707 1556 34.86
16.658 1743 39.94
16.721 1644 36.83
18.707 4464 100.00
20.822 2330 52.19
22.688 1172 26.25
24.652 2341 52.44

The x-ray powder diffraction pattern for the known toluene solvate Form V of cabergoline

(Figure 3) described in WO01/70740 has a crystalline structure with distinctive peaks

depicted in the following table IIT
Table III X-Ray diffraction data, Form V

10

Angle Intensity Intensity
20 Cps X 1000 %

8.866 5930 100.00
12.287 705 11.88
16.375 1440 24.28
18.171 1169 19.71
18.991 1167 19.67
21.043 1214 20.47
24.938 751 12.66




depicted in the following table Il 10 Table Il X-Ray diffraction data,
FormV Angle Intensity Intensity 20 Cps X 1000 % 8. 866 5930 100. 00
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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
15 pinpricked hole in the lid were used.
Differential scanning calorimeter profile for Form X (Figure 4, shows a major endothermic
thermal event centred around 53° C, followed by a minor and broad endothermic thermal
event centred around 74° C. The former corresponds to eutectic melting of Form X with
toluene, while the latter could be associated with the gradual loss of toluene through
20 vaporization. For the purposes of this invention eutectic melting is defined as the
transformation of solvent containing solids into a homogeneous liquid solution without any
significant loss of solvent associated with the solids.
Differential scanning calorimeter profile for Form V (Figure 5) shows a single endothermic
thermal event centred around 66° C. This thermal event corresponds to the eutectic melting
25 of Form V in toluene.
Comparison of Figures 4 and 5 also shows the distinct nature of Forms X and V.
The process of the present invention for producing crystalline cabergoline Form I is
characterized by crystallization from toluene/heptane. Hexane can also be used instead of
heptane. Heptane is however, preferred for its toxicological properties, which are better
30 suited for pharmaceutical application.
The process comprises dissolving cabergoline in a suitable amount of toluene, preferably
in an amount of from 2.5 to 4.0 g of toluene per gram of cabergoline, more preferably

about 3.5 g of toluene per gram of cabergoline, at room temperature.
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stirred at sub-ambient temperatures. Under these conditions, the toluene solvate Form X is

obtained, that may be recovered by common procedures, for example by filtration under

20 reduced pressure or by centrifugal filtration, followed by washing of the solids with pure
heptane or hexane to remove residual mother liquor and free toluene. The resulting crystals
of Form X are very unstable when removed from their mother liquor and essentially convert
to Form I without applying any heat under ambient storage within twenty four hours.
Form I crystals obtained in this particular manner, however, may contain residual toluene at

25 levels unacceptable for pharmaceutical use and therefore preferably the solids are heated in
a vacuum oven for lowering toluene content to within the acceptable range. This drying
process can be accomplished by any suitable means such as, but not limited to, heating the
solids, 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

30 is about 101 kPa or less. As the drying pressure is reduced, however, the temperature at
which the drying can be carried out and/or the time of drying likewise is reduced.
Particularly for solids wet with high boiling solvents like toluene, drying under vacuum will

permit the use of lower drying temperatures. The optimum combination of pressure and

6
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t he desi gn iventiga havepspferaphca polymorph parityi °h §5Yeemdre mrafegablye>a844 ftiyiéldsin t o

|1 ow for t ion in th | | to a.ph ical |
ccopt abl e TEvERT Yo kbl 60 e bR/ Er@rBI FRERERTDEAT  Yucn s
in an oven, TaludetsolvareFaimneistdia olipéct be thrprisclOi@semivh. exeees, Rt 150C is

selected. Alternatively, Form| cabergoline can be prepared directly from
the sdfvat ehitfractian patterthior Fomn / (Rigsse b shews p eivsailme siryctaret Bhese fata fsidaem

t hrough a i - i Ar ¥ . 1 ceedi y
Fast ki not o0 eapaEoliE BN BB b Py R R DS R SoRaRR

t hi s conbi medhie peeatidnds atama stleate badiug b Gded\édnhmgition @ dbduit og talnynebmglles per )
nodi fications t 0 the hemat i cs t he drying process described in the
pr ecedi ng r}ﬁ?]ﬁﬁfﬁ 18 H%slﬁ'&e%%“&l}cémdﬂfﬁﬂcﬁf Wi fth?:]é‘%YrgléﬂmﬁélVBtﬁé‘Hﬁ? ed

accor di ng t&séﬂlﬁdﬂ{mW@fﬁlOtcg}?beﬂe@cﬁ | précfb‘t't%rﬁ’)blaﬂ%?@ggfegﬁe%{ﬁé RO

pol ynmor ph purity > 95% nore prefera >98% at VI excess of 90%

w w, éBnparlSCspectthbout 60% for the route described in W01/ 70740.

The following Examples contain detailed descriptions of methods of preparation of solid

state 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 are by weight unless otherwise indicated.
25 Example 1. Preparation of solvated crystalline Form X of cabergoline.
3 g of cabergoline were dissolved in 10.5 g of toluene in a 125 mL jacketed reactor
equipped with an overhead agitation system. Once a clear solution had formed under
agitation at 142 revolutions per minute, the reactor was cooled to a set point of —18 °C in
order to achieve a temperature of —15 °C in the reactor. The solution was stirred overnight
30 (a minimum of 18 hours). During this period it turned into a thick gel. In a separate reactor
45 g of heptane were cooled to —15 °C and then transferred to the reactor containing the gel
over a period of fifteen minutes. The resulting slurry was stirred at —15 °C for three and a

half hours before being discharged onto a filtration flask operating under reduced pressure.
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Tol uene solvate Form X is al so object of the present invention. The x-ray

powder 15 diffraction pattern for Form X (Figure 1) shows a crystalline

struct ur ewODhe39zlat a i ndi cate that cabergoline sol vate Pormsi/HE3easi |y

di stingui shabl e by XRD and DSC. The solvate X of this invention is a true

sol vate having a fixed conposition of about 0.5 toluene noles per nole of

cabergoline., The significant differences with the known hem solvate form
szl 776

descri bed i yaghed arthfeml e epipneiogemeyamether igior aad wash aveny excess

respective pgRRLa/REm RO _ ; ‘ | Fﬁ?@ ontain detail ed
descriptions 01gl rre{nhodsédacsi %%g%%&rhg%i\%%qg,ﬁ%g{&%;ﬂé@pgo ate 'P%?ur;'gs' of cabergoline
descri bed hEhayiwere idvatiBediestirineXl byl &R, data shown firafifuredl tahd in fabke 15Vapewaof t he

invention and illystrate the i.nvention without in any way restricting that
scope. Al gt IMRNEA S g ey RERiE i e e HNGRY 6 rbemobe 25
Exanpl ¢ 1. E’iz@:ﬁiﬁé@.t]?rgﬁbrﬁ{ SHeMAlBhe oSt | m X of cabergoline. 3 g
of cabergoline were |sscg)lnved}5i§n 18. é’ﬁg‘lgﬂ"% oell:zlgé' ina 125 nL jacketed
reactor eqUbhpprdalwplvatediormiepblemdd fpéxamiplecohwsysihemhin @uueneoveh @aderdalgut i on

had f or med d agi tati,on, at 142 revol utions_per mnute, the reactor was
cooled to alw;ae%{vﬁ%q“%} at&fan%?eel 9 8&‘&%“?"' Ohﬁuﬁcmﬁ%vglpﬁr%ﬁﬂé? thep fnerqgped tos ¢

in the reacsINC akduge SOddtv RTINS Eiddr L2 RS, NiBfHer §@h<§&s8m§fﬁg%§f 18
hours). During this period it turned into a thick gel. In a Separate
react or 49f§>r@€fdﬂﬁept ane were cooled to -15 C and then transferred to the

react co DA over, a.period of .fifteen m es. .-The resultin
slurr 36was nés(ﬁ(?lr e g{}&cﬁén&c?%gnttaﬂ?lg S éllﬁ 65011‘;1%31]?1’?‘?‘?&5’5?58%?5?@ Ig'@?enﬁftﬁe e
di schar ged diping ididatdd thattsolids HadaskveRa taFordg s st pRANM Gedryi LGS Mhient” WO

03/ 078392 PCT/ US03/ 07138 The cake was washed with 6 nL of heptane to renove
mot her | i qUEPPEANSRSHghwar R deweverdheoliene eaent ias sofl widhin thehese sol i ds

were-|eft : £ C ] T re.. dentifi as Form X
by XRD: . dat RS B fiegfidubh The 4ottt 6 e P61l BB N hirthe F30gdy w
on the basiphassofidnying 14 oot 2 A8 °Cfurder bgh V&duummekﬁd’rel@hl%@wegﬂiahf&ystﬁ
Exarrplg 2. rep@%téon of . C talline Form | of cabergoline. The crystal
sol vat® Forifi® Afsmtified Ry fta showpyia Fagure @ jThepwe diae abani 83 av . 8
kPa of vacuyehats Fwii : I 5L was
then increased to %E%@d%%g%ﬁl‘ﬁ%ﬁéﬁ%ﬂfc?x&ég@%%‘é@sg 2%%W§?ﬁ£§ﬁ%§55%?ér@ur S.
Anot her 24 hours of drying was afforded at 10 60 C. XRD and sol vent
content analysis on the solid sanples pulled after each phase of the




drying indicated that solids had converted to Form | after first phase of
drying (at anbient tenperature and high vacuun), however the tol uene
content va© 0noOT838: t hin the specifications on the product PCThsSwiiBgls net
all the product specifications after the second phase of drying (24 hours
at 43 C under high vacuum. After drying, the resultant crystal 15 Forml
was identified by XRD data shown in Figure 2. The overall yield was about
93% on t heWeadaim:of pure cabergoline initial content. The assayed

pol ynmor ph purity was >98% 8 WD 03/078392 PCT/US03/07138 W claim 1. A
process for producing crystalline Form | of cabergoline, which process
conprises tHepmcessdenpiodnciog ctystalieredr gl MaftcebdEgolmeXwhichqabenss) odmpdseand it s

conver si on BhRpfabY 5 BllchB ol FAE Folmf o AEEBAKL B i1 PcodeRIAGRRS accor ding

toclaim1l1 in i C he the preparation uene sol vate Torm X

h t
conpri ses df¥¥ailipe KB dpEcstgati@ei n a suitabl e amount of tol uene, cooling
and stirriny A pecedsestdritingGo SRiMtl i8RvhiSHBRGRS ﬂg?érﬁt?onr&wh&?égoh&%‘é ot col d
SO

hept ane or hexane, ,col.l.ecting the. resultin vate form X of cabergoline
havi ng t he SEREPFEWHETOELE CRRRefimedp @&Pﬁa@e Al EolHonss PRl SSamaihe
form X i nt oresuting splriors qRardiing thy restibargel with coldMeh@AP6F BéA4RE, coBBEHRIthOY
drying. 3. . i lai,m 2 i lch the suitable anpunt of
ol uene 15 ‘FraGAESaryBeaR! 8l M diiRuing e SRIFSydE sflion e} an
proced8 accenseige e solvaterformi X ivbicatrer gdlmediormadblyest@agaiatiroah témperates i s
about 3.5 gandﬂoﬁbg,fdrﬁ%_uene per gram of cabergoline. 5. A process according
to claim2 jn which” cabergoline used as starting material is an oil, a
cryst al | i ne>-FoPiRCcess apgardimgdo elagnedn whach the shigabdeamens of Hilnenetis fromad-ft® i n
whi ch the s gldfeslu@ie abrmndel édberdoliné 0l uene is cooled to a tenperature
bel ow - 10 Q"ﬁd stirred.ov rnf' ﬁé"z éa]é?. A\Rﬁ.raﬁess accqording .to clainms 2 to
6 in whi ch *EhEroress arrafingde plara 24p sriethe siiblcanepnt o folune igaboyt 35k es's
accordbng tdd teluenaper gram ofbdbehgdline. col d heptane is added to the gel in an
amount of fq f. Qr ch..gr am.of bergoli.ne. 9.. A
process accd?g#) %%;s{s%cé(}%i?%%cfﬁﬁﬁgﬁﬁgﬁ% cea% L e'ésregiaﬁﬁ&%én ?trepgds gl Pilhy
heat i ng ph@crz%al Ff@@l@fmtmesﬂtﬂrwft e form X, reducing the ambient pressure
surroundi ngs, o8&k lablSordidk to claim 2 in which the solution of cabergoline in toluene is

cooled to a temperature below —10 °C and stirred overnight.

20 7. A process according to claims 2 to 6 in which

the resultant gel is quenched with cold heptane.

8. A process according to claim 7, in which the cold heptane is added to the gel in an

amount of from 10 to 20 g of heptane for each gram of cabergoline.

9. A process according to claim 2 in which the final drying is carried out by heating the

25 solids of the solvate form X, reducing the ambient pressure surrounding the solids, or
combinations thereof.
10. A process according to claim 2 characterized in that

the de-solvation and the drying steps are combined.
11. Solvate form X of cabergoline having the XRD powder pattern of Figure 1.



conbi nati ons thereof. 10. A process according to claim2 characterized in
that the de-solvation and the drying steps are conbined. 11. Solvate form
X of cabewgaBiorssohavi ng the XRD powder pattern of Figure PCT/UB0MD188/ 078392
PCT/ US03/ 07138 12. Solvate form X of cabergoline having the distinctive
peaks in the powder X-ray diffraction shown in the follow ng table I,

Angl e I nten n5| 0 Cps X 100Q % 7.988 6899 100.00 10.937 837
11.97 12. Oéi,ts‘éw{’ N Fa ﬁcag’?%%éiéa‘sﬂgé@dlwctlm%w thy powder¥-r@p0 3163

45.26 19. 9§§‘ra§"ﬁ§n§l¥ov@@mtﬁé—fc@%§n@gfgﬁle .92 23.892 1371 19.61 26.779 1086

15.54 13. A process for producing so vate form X of caber goline as defined
inclaiml1l or 12, {5 whi éhlghar ocess confmdmsigg di spol vilagnsigper goline in a

sui tabl e amount of |tol uene@p cooling Cpexrosolting sol ugjon and stirring it
under agitation, qgyenchi rrggghe resul fangggel Wth col dop.pgPrans or hexane,
and coll ecting the resulig gy sorvare Tor8r§|7)\ of —Tgber gullllglf: 4 A process
according to clai mft3 |r|121\05.},u the—in W'AJZ the .cau.nzs% t—gel—i s quenched
wi th cold heptane. (3615 pr-ocess—aceor-g-ng—t-olclai in which the in
whi ch the amount col-d hn]4 dded. f or Z%I?Pn(‘hl ng t he 3&("56 is frijom 10 to 20
g for each gram of |_cabetfyHd ne 10 2603 37.25

17.320 3163 45.26

19.938 855 12.22

21.075 2720 38.92

23.892 1371 19.61

26.779 1086 15.54

13. A process for producing solvate form X of cabergoline as defined in claim 11 or 12,
5 which process comprises dissolving cabergoline in a suitable amount of toluene, cooling
the resulting solution and stirring it under agitation, quenching the resultant gel with cold
heptane or hexane, and collecting the resulting solvate form X of cabergoline.
14. A process according to claim 13 in which the in which
the resultant gel is quenched with cold heptane.
10 15. A process according to claim 14 in which the in which

the amount cold heptane added for quenching the gel is from 10 to 20 g for each gram of
cabergoline.

10



