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Novel Pol ynorphic Form of Rotigotine and Process for
Production Description Field of the Invention The
wW@r@9m6ss20 nventi on rel ates to a novel pol ynor pPCT/EPZIOSI066137
(formll) of Rotigotine and a process for production
t hereof, which formis useful for the manufacture of a
stabl e nedi canent for treating or alleviating synptons
of Parkinson's Di sease and ot her dopam ne-rel at ed
di sorders. Techni cal, Background Rotigotine is the
International Non-Proprietary Name (I NN) of the
conpound (-) -5 ,6 ,7,8-tetrahydro-6- [propyl- [2- {2-
thienyl) ethyl] -am no] ~I~naphthal enol having the
structure shown bel ow Rotigotine Is a non-ergolinic
D1/M327 <433 Rfopamimmiigydinst ¢hdto triesgnsleesirdofamiaess for
structurally and has a simd.af 1 gceptor profile but a
hi gher receptor affinity.In contrast to other
non- ergol i ni ¢ dopam ne agoni sts, Rotigotine has
significant DI activitypewhi-¢prigy contribute to a
greater physiological action. In contrast to ergolinic
compounds, Rotigotine has a very low affinity for 5
FiplTdBofeckpt Dngeandothus a | ow ri sk of inducing
fibrosis . Actions on non- dopam nergic receptors
(such as 5-HTi A agoni sm and A2E ant agoni snm) may
Theomuddsutte tovethepnberrlfdtdsl tef ffechgyebuatvlamorphic form

f@Qh'@Y§kbﬁekb€1§8EhMbt¥ndn§UbQQE@§§C§b¥ep§8&h¥t£¥naagereof
ant i depressive effects. Rotlgotlne Is disclosed as

whaghj v Oé@en%sfoFS?FEétlﬁ@rpa fgntganufacture of a stable
medicament for treating ox alleviating symptoms of

Parkinson's Digease and other dopamine-related disorders.

Technical Background

Rotigotine is the International Non-Proprietary Name (INN) of
the compound (~)-5,6,7,8-tetrahydro-6-[propyl-[2-{2-
thienyl)ethyll-aminc]l-1l-naphthalenol having the structure

shown below

OH

. '!//
//N

Rotigotine is a non-ergolinic D1/D2/D3 dopamine agonist that
resembles dopamine structurally and has a similar receptor

profile but a higher receptor affinity.
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suffering from Parkinson's di sease (described in WO

2002/ 089777), Parkinson's plus syndrone (described in
wOD02006520©92331), depression (described in WO PCT/EP2008/066137

2005/ 009424) and the restless-legs syndrome (described

in WO 2003/092677) as well as for the treatnent or

preventi on of dopam nergic néuron | oss (described in

WO 2005/ 063237) . Known pharnaceuti cal conpositions
Incomaaigrasy Rot® gobkhercompmi-serca ltirdnsdetomdmine agonists,

Rowem%t G S&%@%@ﬂ}gﬁt (ﬁeggéeaggg% MQ&?/ A9852)nc Bivute

depot orn1 descri b /1
toj anespREFEt PEYEEQleeicdéseFtbed-in WO 2004/ 050083) and

an intranasal formnulation (described in WO

2005/ 063236) of the above cited publications is
0 feBFporat &4 B§9PiF8i‘8n88mPﬂuP?§ eRPFFEPYIRBr BPR. 2OeTY low
afélystal Fomesf amrm of eRept god | ed | shad reatyw knbvkh andinducing
£i 'Igigereinafter be desi gnated as pol ynorphic form

%% urprisingly a further crystalline form of

Roti gotine (polynmorphic form (Il1) } has now been

ACEQ@HE'Eheﬂoﬁn@opgﬁﬁgekgléhgﬂc@pgﬁ§§tl%g@ﬁhégc%dﬁghA agonism
her rodynam c s ity and aninproved shelf-|

ange| Pins 3 @EsT ) ystnE}Y sHape tHat v eprezent shan beneficial
efadvant ageuenerad hedteezysecﬂdétedoaébtcek&% 0 frneuroprotective

<RI B LU {L) e fpac o o) poperies

el ectrostatic behaV|our etc. The dlscovery of a

Roﬁegeggngrxgt ausgﬂg B&tggog&eevgog EDEO ia'ﬁg' LYeients
on|S|ng as a Co rca t
SURASThBEN KHOWh suP@@éum@nde eflghenes an@imm in WO

20!’)@|/b89‘7’f/¢§t'gﬁé§}@|119¥&5 +&h mts%zﬁ% qufeleeﬁ_»%ee i wo

|cat|on for the presence of second crystalline
20§g{paggﬁﬁ FXﬂ%Hﬁﬁﬁﬁ%on' (descrlbed in WO 2005/009424) and

the restlesgss-legs syndrome (described in WO 2003/082677) as
well as for the treatment or prevention of dopaminergic
neuron losg (described in WO 2005/063237).

Known pharmaceutical compesitions containing Rotigotine
comprise a transdermal therapeutic system (TTS) (described in
WO 99/49852), a depot form {(described in WO 02/15%03), an
iontophoretic device {described in WO 2004/050083) and an
intrarasal formulation (described in WO 2005/063236).

Each of the above cited publications is incorporated by

reference in its entirety herein.

One crystalline form of Rotigotine is already known and will

hereinafter be designated as polymorphic form (I).

Surprisingly a further crystalline form of Rotigotine
{(polymorphic form {(II)) has now been identified and found to
show a greatly enhanced thermodynamic stability and an

improved shelf-life as well as a cubic crystal shape that
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was observed in a first pol ynorphi sm screening that

was earlier conducted during formulati on devel opnent
wEeaess2® f the I nvention The present inventiRCI/EP2008/066137

provi des a novel polynorphic form(formll) of

Rotigotine ((- )-5,6 ,7 ,8-tetrahydro-6~ [propyl- [2-

(2- thienyl) ethyl ]-am no] 31-naphthal enol) . The

novel polynmorphic formo f Rotigotine according to the
repregentsinuenaﬂonnhaseakmkeasthemﬁaﬁ&lahéikeraMuﬂ;les of

i st dif.f

PO%%%%?.B*;?%&?KE“Z&) T RS e T
asangles {0l ;. Bpopartigses, A ommiddd/torn 19. eiectrostatlc
beRBasSWLRd Wkth Cu-K a irradiation (1.54060 A ); a Raman

spectrun1conprising at least one peak at the

foll ow ng wave nunbers ( 3 cm) : 226.2, 297.0, 363.9,
Th%Sﬂion&éfySofl@lBeEoﬁﬁdbD?siSS&mﬁe nodifbetrat bal ymorph is

nni C x O, pbeak W th a_Tonset a t 97 .0

esRER0RN TR TR R e o e T 2 TR LGt a T amug
thandher ol thinegrpeiimceo tfhegmdi- @QQMWWearecﬂrbb@w nmeaen well
mtzagtagg%dpe%mﬁ@l fabpr aL0kaBO! FQQEhQEﬁbJ??O po indication

characterized by two, three or four of ow ng

fox. FA¢ PERABRCAI PracEPeAfeaKkEsE2lbne BOQ}getageomolymorph

wad3. ﬁﬁseﬁJeJZ:uﬂ9a01flﬁB@S%&ﬁ%d%ﬁﬁh@m@ué@%éédﬁ@jakh@ﬁ was
%i 54060 A% a enb?dlnegt t he goveg g nor phi ¢

e2f 5 ff of °RY FéS@ BT 5E8or dFHg  £6 PR PHGeRPTON 1 s
characterized by peaks in its Raman spectrum at the

sulgue nupbers 297.0,:847.3 and 1018.7 3 cm.

The present invention provides a novel polymorphic form (form
II) of Rotigotine ((-)-5,6,7,8-tetrahydro-6~[propyl-[2-(2-
thienyl) ethyl]l-aminol-l-naphthalenol).

The novel polymorphic form of Rotigotine according to the
present i1nvention has at least one of the following

characteristics:

a X~ray powder diffraction spectrum comprising a peak at
least at one of the following ©26 angles {+ 0.2): 12.04,
13.68, 17.72 and/or 19.01, measured with Cu-¥, irradiation
(1.54060 &);

a Raman spectrum comprising at least one peak at the
following wave numbers (x 3 cm'): 226.2, 297.0, 363.9,
737.3, 847.3, 1018.7 and/or 1354.3;

a differential scanning calorimetry (DSC) peak with & Tonse:
at 97°C = 2°C measured with a heating rate of 10°C/min;

and/or

a melting point of 97°C £ 2°C.
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The tenperatures given herein include variations of

20C due to neasurenent inaccuracies, e.g. of a DSC
we@pensssent . The 2Q angl es gi ven herei n i ncl udeCT/EP2008/066137

variations of 0.2 due to neasurenent inaccuracies of

the X-ray powder diffraction experinments. Finally, the

wave numbers given herein intlude variations of 3 cm

1 due to neasurenent inaccuracies of the Raman

experinments. The present invention al so provides a

In@ﬁéggﬁbBélﬂéHS §HQ3£§9&§ 199{%5 ﬁohgaéﬁe nov%cl)tlne is

nore preferably at | east abo

ch@@@gﬁ@%ﬁ?@ 0T niet RORT g0t Phe fa@nae@ﬁné@eakf@ﬂelowwga X-ray

poptetearedrerbodihmpakihe oRehi gat ine dr u substances, 17.72,
| ea about_50% re prefer bl | east

c ri ses at
195 B00 305567 Pheraver ol o tror oh-GrOE ) -
Roti gotine as defined above. Mbost preferably

S t I ( he R ot | |n. .
T et ey B B, el PR e e Bgotne
acg@rcgim@pﬁpc ther mrgiant Lo S@s@hﬁraatewa@ﬁ" biys pregdast in its

Rahfn' 8@k thRxa S0t L 9ot i;n6driigyubst anee, Corpri Si NGy 10187
form[Il wherein preferably at |east 80% nore

* 5r%@erably at least 90% still nore preferred at |east
95% of the rotigotine is present as form(ll) . In the

context of the rese t licatjon all percentages
Th ig%%p%§a&%Faﬁt LhRfes aﬁgﬁ%rhfgéu e varf%tlons gf iegé% due
toi neiacatederRlr t hreramrecitdwe peegenbf’nyeDBCommmarmmmmi The
o c I i.ses: t he,ngv
e o T T of FaEr bot Fad “FTREe; et aboge e £
m@ﬁ@r@m%asxnm@m%c@ﬁu cald yXategptabréer diffraction

exBXEiPERNE. TFheapnesentd NYSAL | nBbse BHO¥LAeR&in include
g 0OCesSss for pro UCI n%
varliations of * ue to measurement inaccuracies of the

Raman experiments.

The present invention alsc provides a Rotigotine drug
substance comprising at least about 5%, more preferably at
least about 10%, of the novel polymorphic form of Rotigotine

as defined above.

In a preferred embodiment the Rotigotine drug substance
comprises at least about 50%, more preferably at least about
70%, of the novel polymorphic form (II) of Rotigotine as
defined above. Most preferably substantially all or all
(100%) of the Rotigetine in the Rotigotine drug substance is
present in the novel polymorphic form (I1).
"Substantially all” is meant to refer to a Rotigotine drug
substance comprising form II wherein preferably at least 80%,
more preferably at least 90%, sgtill more preferred at least

95% of the rotigotine i1is present as form (II).

In the context of the present application all percentages are

given by weight unless otherwise indicated.
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t he novel polynorphic form(l1) of Rotigotine as

defi ned above, which conprises tenpering solid
weReivgessehe of pol ynorphic form (1) for at | eaBCT/EP2008/066137

days at 400C . In said tenpering process Rotigotine of

pol ynorphic form (1) can either be in the dry state or

in slurry state. Wien in slufry state, the slurry is

preferably prepared in cycl ohexane or ethanol. In

anot her preferred enbodi nrent of the present invention

Fukhgemwe PRLEMYRRIC tf Al )0 fpﬁ%@aib'élep@ rmaceutical

defi ned above 'S quantltatlvely pro uced DE)(l ég
CORBPF gbi PRe VB ol SATBIPIIRS f gt FP)’eFanS)IJ«&’FYW orm (II)
of W t;tb@:tg@t]gnaﬂlé ofz Rot inget ihag ofals@JfanDraR]EHC fa@rhm i!efa_)st one
obt al ne r t he In [OCesSsS Or rom et hanol i c
oh LB 4t Y FRchRiRRL "SrbbRTRent Cof tho pr oaent
i nvention the novel polynorphic form(1l) of

Th %k%%"eh‘&e eq'lq:f orheda c?p%#aélcgg ngl #)otolc\c/e%ls) AU Og‘g? & ucing

y Splklng tigotine o ynor phi rm
thet et @@@Wl@hepysfcam dﬂ@otp@otﬂq@qﬁtme &s d@fmed
ab@@éynowﬂyﬁhfoEBhﬁki%es The ﬂﬁ&fl)séfﬁﬁ CEYRtalSine of

ed be obtained fromethanolic _slurr
po%%%%??ﬁéﬁtgor@tﬁéhoﬁPE %Fe%?%??a%@oﬁaﬁ$ %goﬁgd%other

t enpering process In an another aspect of the present

i nvention the no pal y fo m
o B o e e e s i s e ey Fore Bl & form (1)
capaeiehersufd ern nghér dmya stisseaser sensiliveyt etehe. when in

sléﬁﬁ?t @aé@ th Pﬁ af ecselmroxr agg@ Stﬁré@%f/%%\gusprepar@d in

odi nent's ‘of Eresent i nvention t
CYpoPyFSRPRi erf 8BERREPL) of Rotigotine as defined above
is used for treating a patient suffering from

Par ki nson’ s sease, g ar ki nson' s pl.us syndr one,
Ind@BPE groﬁx egggﬁy O 1@@nt of the present invention the

novel polymorphic form (II) of Rotigotine as defined above is
guantitatively produced by spiking Rotigotine of polymorphic
form (I} in slurry state with crystals of Rotigotine of
polymorphic form (II) obtained from the tempering process or

from ethanolic precipitation.

In another embodiment of the pressent invention the novel
polymorphic form {(II) of Rotigotine as defired above is
gquantitatively produced by spiking Rotigotine of polymorphic
form (I} in dry state at 40°C with crystals of Rotigotine of
polymorphic form (IT). The form (II}) seed crystals used may
be obtained from ethanclic slurry expesriments, ethanolic

precipitaticn or from another tempering process.

In an anocther aspect of the present invention the novel
polymorphic form (II) of Rotigotine as defined above is used
for treating a patient suffering from a disease sensitive to

the treatment with D2 receptor agoniscs.
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restl ess-legs syndrone. Brief descriptio n of draw ngs

Figure 1 Experinental powder X-ray dif fractogram of
wmoonelegsed ynmor phic form (11) of Rotigotine Fi gRECEER2008/066137

H bonded pol yneric (Zi g-Zag) chain of Rotigotine

nol ecul es in novel polynorphic form(ll) crystals

Fi gure 3 H bonded pol yneric £Zi g-zag) chain of

Roti gotine nol ecules in polynorphic form(l) crystals
IonﬁHkﬁMSE@pbpﬁﬁEﬁnas;nﬁmeheX{mwﬁaﬂﬁ fnaenbgramtdfe novel

poRQh¥PBAPRI CEOG:RJ mI(II)) o‘%f Ratigatine A 9%’@&% is used
spectrum of novel poly h| forn1( otlgotlne
fOFl&m@@q}wweﬁl@@QﬁeWQM§Wé%ﬁﬁﬂ@®e§FP@ gtamoveon’s Disease,
Pa@@hﬁﬁ@ﬁpblCﬁﬁﬂgn(é&ﬂd@@ﬂeP0|M@BE@EBQOBOH“ﬂﬂﬁrdﬁyalgla or
gﬁ %gt ne Fl re 7 DSC t her nogram of novel
eg61§ iids F HFPT'FY of Rotigotine Figure 8 DSC
t her nogr am of ponnDrphlc form (1) of

Br@g%iggggggﬁgé ‘Igg ggg%glgglon of the invention The
crystalline formof ((-)-
5,6,7, 8-tetrahydro-6- [propyl- [2- (2-thienyl) ethyl]
Figamend] Edpenapatbal emalwder dénoted deferarassfar nolfl . novel

Form I | fers fro in the structure of the
e ol parrTeteh STk e bl B it o o
[propyl- [2- (2-thienyl) ethyl] -am no] -1-

naphthalenol) and the two fornms give distinctive
Figuggy? po&iudlé@n@@cﬁf sy {XROF 1 pat e el nsChq?%éha@fSp%@H@Otlﬂe

and diff scan
thernngr§%§Q&$%%ﬁ1%§0€6€%%%g§§ﬁé?§s charactgffze&QﬁFalS
an XRD pattern

Figure 3 H-bonded polymeric (Zig-Zag) chain of Rotigotine

molecules in polymorphic form (I) crystals

Figure 4 Experimental powder X-ray diffractogram of

polymorphic form (I) of Rotigotine

Figure 5 Raman spectrum of novel polymorphic form (II) of

Rotigotine

Figure 6 Overlay of the Raman spectra of novel polymorphic

form (II) and polymorphic form (I) of Rotigotine

Figure 7 DSC thermogram cf novel polymorphic form (II) of

Rotigotine

Figure 8 DSC thermogram of polymorphic form (1) of

Rotigotine
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conprising a peak at about 20.23 0.2 {2
Characterization of formlIl and distinguishing the

wa 2008/06852m f orm | are acconpl i shed usi ng technPCUER2008/066137
known to those of skill in the art. Specifically,
verification that formll is present can b e perforned
usi ng techni ques such as melfing point, infrared (IR
spectroscopy, solid state nuclear nagnetic resonance
(SSNVR) or Raman spectroscopy. Techniques i ncl udi ng

Degéﬁﬁs&e& Laly Ri gg caLof) 04 BSC) and X-ray
racti on are al so use u in distinguishing
polynnrphs and specifically formll fromforml . One
Ther lmrem%nt Qeef@&@@Othat mlqusﬁy%@zbﬁnw%@rho of ()~

norphic fo i got i Fo
> ﬁo?nﬁg ZE&%@Y@?&P%?F@@Y gh%aéf li%?wgb% ik a%%?} L-
nayhchylpowdier dkﬁﬁﬂﬁmi|barpﬁﬁteﬁmsfasmpmnyldEdrmn:tr differs

fro{ng%ogﬁb% ?L?Jd t‘ille s rucecf%%:eh%rke t:ci”lc the setzﬁeatattlce of ((~)-

erabl'y "a n&jori &se peaks
5, 6n7tﬁetaﬁrayyﬁnmdérEnrbprécf20h2phmx@mmlf@thﬁlbf&QHROJ 1=

naﬁﬁEHbléHo@ﬂ? Qﬁ§9d|E§%“ éﬁotif%rhgveﬁgb%n BESt%ﬁ@Elve X-ray

pattern of formll exhlblts a characteristic peak at
poydepg dfFrErd)ion i n (ARBL hePadrfsadiSent Relen xREPectra  and

dipattennifl &eammihgexhibiisearghanact erhsthégpeak. at
17.72 + 0.2 (2Q and in still anotherenbodi ment the
XRD pattern of formlIl exhibits a characteristic peak
Foath 10. @F BoRi¢2Qnerefer abbyactheiXBR playt ern @RDf opattern

B L REF S Bfcf v bl o0 "t e  XRLF phtfatp of form I
can conprise peaks at 13. 68 17.72 and 19.01 0.2 (2

Ch@actgf‘@zé@ysﬂi Bel yaRephic fof @1@&ﬁnﬁf1§@ﬂ%o@ﬂ@esérge from
) - 6 ,7, 8- tetrah% ro-6- [propyl ien
fogph§|rﬂﬂ%n§ﬁ6?mp&is ed using ted nlques known to those of

skill in the art. Specifically, verification that form II is
present can be performed using technigues such as melting
point, infrared {IR) spéctroscopy, golid state nuclear
magnetic resonance (SSNMR) or Raman spectroscopy. Technigues
including differential scanning calorimetry (DSC) and X-~ray
diffracticn (XRD) are also useful in distinguishing
polyvmorphs, and specifically form II from form I. One or more
of the foregoing technigues can be used to identify a

polymorphic form of Retigotine.

Form I and form II have distinctive characteristic peaks in
thelr X-ray powder diffraction patterns as provided in
Figures 1 and 4. At least one of these peaks, and preferably
a majority of these pesks, will be present in the X-ray

powder diffraction pattern for a given form.

In one embodiment of the invention the XRD pattern of form II
exhibits a characteristic peak at 13.68 % 0.2 (°28), in
another embodiment the XRD pattern of form II exhibits a

characteristic peak at 17.72 £ 0.2 (°28) and in still another
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napht hal enol) is characterized by a powder X-ray dif

fractogram conprising peaks at one or nore of 12.04,
w@a20032¢852®. 97, 13.68, 17.13, 17.72, 19.01, 20.EBOI/EP2008/066137

20.52, 21.84, 21.96, 22.01, 22.91 and 22.96 0.2 (2Q

, measured with a Cu-KO 1 irradiation (1.54060 A). In

particul ar, the novel polymfphic form (I1) of

Rotigotine is characterized by at | east one of the
embolliipaihg X-hreay pgéWderpdiféracticdn péaeks: 127 04exhibits &

ché%a@@er%étzg ﬁ@gk1§t019 @12+<8CE ﬁ|gg?su§§gf¥%éﬂl9 the XRD

-Kairradiation (1.54060 A) (
PaEF?§PanI5??@0@1c@ﬁﬁéPFEéncbéFﬁEEﬁrﬁﬁélﬁoﬁ@ﬁks at 13.68 and

17?EQYHDWPW(3¢ZHTn(Méﬁeaﬁgeﬁ@%ﬁﬂpﬁpht%ef@M@(ﬂ&ﬁtern of form
| res | e ecul ar
T o R E s Al ek orm Tar Sfn LR Pubranbaebl s S8: % o2,
Ni--HO \ However, a drastlc confornatlona
i f n e r of ,t
T o%il&l.%o%c“ PRohRl (28 e Al A e O ({5 6.7, 8-
teéﬁahmdrpt6réprﬁpslaéaréﬁrhh@@nylleahmiﬁf@men@b 1-

naﬁh@&§&@ﬂo§ﬂg|elsbetWﬁ%ﬁ%é@%%ﬂﬂ%%d?on&gfnaﬁiongéowder X-ray
| ynor phs that | eads to a denser packing and a change

diﬁﬁr€F§§EEPmsyﬁﬂ%@?&s1ﬁ%e1?%%%1t§tofOPﬁe eryseqe of 12.04,
12l.atti ce2conparisoss ar e sumpTRriized i n tkeofiol | gwing, 20.52,

2Lefehortiont | ¢ Spke Grotb P fé%fz%éy%t AT S
wigh8.#31T0(-¥o} 1rrad1atlon (1.54060 A) In particular, the
novel polymorphic form (II) of Rotigotine is characterized by
at least one of the following X-ray powder diffraction peaks:
12.04, 13.68, 17.72 and 19.C1 £ 0.2 ({(°28), measured with =a
Cu-Kq irradiation (1.54060 A) (Figure 1).

The crystal lattice comparison between the novel polvmorphic
form (IT) and polymorphic form {I) {(Figures 2 and 3) shows
that the main intermolecular hydrogen bonds are similar in

the two cases:

/
—Ni--H—0—
\

However, a drastic conformational difference is observed for
the torsion angle of the thiophene ring with respect to the
adjacent CH:-CH2 chain. It is this approximately 100°
difference (torsion angle) between the two conformational
polymorphs that leads teo a denser packing and a change in
crystal symmetry.

The results of the c¢rystal lattice comparison are summarized

in the fcllowing table:
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Cell length EA] b 8 .2030 (10) b 13.620(2} C 26 .899

(5) C 14.868(2} Unit cell a 90 a 90 di nension Cell
W@e@heedsat b 90 b 90 Y 90 Y 90 Cell volune [ A BT/EBD08/066137
.01 1707.3 24 0 Z 4 zZz' . 0 Density (calcul ated)
tg/cm] 1 158 1 227 CN These results are supported by
the different solubility of fhe two pol ynorphs in
Et OH. The solubility at room tenperature of
pol ynorphic form (1) of Rotigotine in EtOH is about
500rTg/m_(1'2[ W), V\hereasﬁtr&gﬂs )ubility thfI)

Innf mlll\ af

B

rovet—potyrorp \ll or—ottgottne—+——rct-on

@b‘mﬁabogymm mL (0, 6 110 [wigtnaggnal t helrthorhombic
SO uUbididy, of the novel poI ymnrzphd c form (I )p 0512 5.

RutTgotrrhe 11 ELU'I Ib at ICabl IIVC lIIIl:b I VW lIIaII

the solubility of polynorphic [forfm{430 ¢f0IRatd gbt4hed (10)

in EtOH The |erangt ald-earaphic d ff erences) betmeen. ¢he 2,
two pol ynorphic forns of Roti gotl ne further |becone
appar ent wher rnnﬁnrlnn their r%%r%ﬁ%(iharf%g¥%n&5%g2)

&hioswneé 1l Fi gur es 1 and 4 . Thd saomel  pol ynoriphigs f orm
of Rotig e_ca b | so acterized ts
Cézhmn%rﬁs “pect rt%le(]gi Gur e[ ¥ ngt er, differ e[gt%)%l
scanning cal orinetry (DSC) dat rdveal the dl\;ff&ﬁ' ence
bet ween t he t%.l\ﬂm%%%h:[%ﬁ rr@upf lRotl got 1%7 3

P=W-XWP-N

(Figures 7 and o) past-cat1y an rovel pU| Yot Hlb

form (11) of [Rotigotine exh| bilt%s: Kotd :a thi ghées: n@lﬁ nof
PO - @ntd- 2 Righatqenthalpy of) f usfon, and by, 559

These results are supported by the different solubility of
the two polymorphs in  EtOH. The solubility &t room
temperature of polymorphic form (I) of Rotigotine in EtCH is
about 500mg/mL (1:2 ([w/w]), whereas the solubility of the
novel polymorphic form (II) of Rotigotine in EtOH i1s about
60-100mg/mL, (0,6-1:10 [w/w]), i.e. the solubility of the
novel polymerphic form (II) of Rotigotine in EtOH is at least
five times lower than the solubility of polymorphic form (I)
of Rotigotine in EtOH.

The c¢rystallographic differenceg between the two polymorphic
forms of ERotigotine further become apparent when comparing

thelr X-ray diffractograms ag shown in Figures 1 and 4.

The novel polymorphic form (II) of Rotigotine can be slso

characterized by its Raman spectrum (Figure 3).

Further, differential scanning calorimetry {DSC) data reveal
the difference between the two polymorphic forms of
Rotigotine (Figures 7 and 8). Basically, the novel
polymorphic form (II) of Rotigotine exhibits both a higher
melting point and a higher enthalpy of fusion, and by
applying the Burger-Ramberger rules, it could be stated that
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appl yi ng the Burger-Ranberger rules, it could be
stated thatform (Il1) is thernodynam cally nore stable
W@ b@o/ossseom (1) at any tenperature consi dered. PCT/EP2008/066137
Therefore, the two polynorphs o f Rotigotine appear to
b e nonotropically related. Polynorph formll of
Rotigotine can b e further cHaracterized and
di stinguished fromform| by differential scanning
focal dmiTnetiry (IBSGodyraliSG I her noge asteblief abeml I£dsa (I) at

an?é%%h&%%at%ﬁ% %%%%iéere%nd q&%%lnqﬂ% Sﬂ W £§§%mo€?hs of

chni'ques known to those o f s e art
ROSREPEIFA BRECart tRobPdmPRAlEPYiBaélabrelebedet er mi ne
the conditions necessary to obtain a DSC t her nbgram o
A variety o f differential scanning

formll
POEWBF%L%?&@ drie Hv AT BT Y 1595 P FUBKieY Fhafrﬁ@terlzed
andrt dasdingcl gdedt herbinf f epent i al - Sganai AgeLahot bt etanning

t ot ol ed 22e n enperatures o f
ca)Ronbtar (Boalouf Beb BrerRel L PE ESPR TR bR Sufpiaed in
Flggrabo'm &40 Gﬁasan@bttenpedatw$mgf nds€asesclaniqvas i duwn to
thhakes, 4 ngi{y@lkngn' Céﬁ%nar%OC/dHé‘ oﬁl < f{gri ﬂ@@g@?taw would

instrunments and conditions. One s in the
regeily retoghiife FRatdatRETHek pHSI tFOMEL i FPihe nESESSary to

obt:a@hrragb@m ea@rma@yaﬂeaen@bgﬁ y@onAkvéJﬂé@yf@Et@i@feremlal
as, for exa heat i n%aliﬁte and _particle sj
|

SC"T‘HE%@C%&SF&B‘&% oaffef Grmt if &} & 1 eg]ﬁs ‘in the
arth&etmtﬂygrla:mlmldfe f oinen IDﬁfcénam-de&$campﬁadg—Wanh>rameter from
QIS8 Bk APSUEHIC 0 G TR LRI . pooc <o
abppél WiEs® @ peak mitticufonseboot a?db‘m 7?7 oo @40% and

redBerae¥el POhyFRINI C &prgb§h5ﬁ55ﬁrgggéQQEb@%dgﬁﬁ b1 € /min,

10 repared b A the foll ow ng }r}ocesses hese
ppé@é§se§ q@ﬁ%%ﬂﬁ?@ﬂ?g other 1nstruments and conditions.

One skilled in the art would recognize that the peak
pesitions in the DSC thermogram can vary depending upon
kinetic factors such as, for example, heating rate and

particle size.

The DSC thermogram of form II differs from the DSC thermogram
of form I and includegs a peak with a Toset 0oFf about 97°C &
2°C., The DSC thermogram of form I differs £rom the DSC
thermogram of form II and includes a peak with & Tonser oF
about 77°C = 2°C.

The novel polymorphic form (II) of Rotigotine can be prepared
by the following processes. In these processes, “Rotigotine”
means the free base, i.e., (-)-5,6,7,8-tetrahydro-6-[propyl-
[2-(2-thienyl}ethyl]-amino]-1l-naphthalenol.

The novel polymorphic form (1T} of rotigotine can

illustratively be prepared by the following processes.
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nmeans the free base, i.e., (-) -5 6,7
, 8-tetrahydro-6- [propyl- [2- (2-thienyl) ethyl]
WO 2000468520 1- napht ha | enol . The novel pol ynor pPCTYEP290$1966137
(I'l) of rotigotine can illustratively b e prepared by
the follow ng processes. (i) Preparation of the novel
pol ynorphic form (11) of Rotlilgoti ne by tenpering
conprises: - Placing Rotigotine of polynorphic form
(1) i Arenaakathenecbaghe Seavehg modystophhg tthembagrr) of

@&t;@é@éJQnQ%%f,Ogerﬂu%f?y%fé%g%rﬂg&ar ation of the novel

pol ynor phi ¢ Torm Igotine froman ethanolic
slurry conprises: - Slurrying Rotigotine of

pol ynorpih € dPr MolhiyotAnet hapolps1 Sididding k8tw2h( Bt in an
50 to I SO pm - tionally spiking of the ethanolic

slurry ut%b?rFeg G%he of polynorphic form (1) with

Rot i got$erel nfg potd nrqahirey friotemidd )at BHa40ingdoric days
anot her 24h at 50 to 150rpm at roomtenperature -
Filtration of the slurry - Drying of Rotigotine of

pol ynBrphicatoem (¢1) the conseantpwkyghtpThe form (II) of

gsystatlhaesformof - Rotigot i ne; Ay, b@ox%@&%se'd

substantially as a single polynorph, i.%e., for exanple
conprising nore than 95% of formll, or may be

crystaldized, idy couriRatdior Wdih Henfnbrohiet hebrm (1) in
pol ynor tg?s I.n some enbodi nents, the crystalline form

of Roti% 4’ conprises at |east 50%of formll. In
some—erfboids mierg sfort g arty ttaldd ne 0rpm

— Optionally spiking of the ethanolic slurry of
Rotigotine of polymorphic form (I) with Rotigotine
of peolymorphic form (II)

- Stirring for another 24h at 50 to 150rpm at xoom
temperature

— Filtration of the slurry

— Drying of Rotigotine of polymorphic form (II) to

constant welght

The crystalline form of QRotigotine may be prepared
substantially as a single polymorph, i.e., for example
comprising more than 95% of form II, or may be crystallized
in combination with form I or other polymorphs. In some
embodiments, the crystalline form of Rotigotine comprises at
least 50% of form II. In some embodiments, the crystalline
form of Rotigotine comprises at least 70% of form II. In some
embodiments, the crystalline form of Rotigotine comprises at
least 80% of form II. In still other embodiments, the
crystalline form of Rotigotine comprises at least 90% of form
IT.

Rotigotine polymorphic form (II) can be used as a therapeutic

active substance.
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formof Rotigotine conprises at least 70% of formll.
I n sonme enbodi nents, the crystalline form of

w@Reivhessehe conpri ses at | east 80% of form || .PCTEB100$/066137
ot her enbodi ments, the crystalline formof Rotigotine
conprises at |east 90%of formll. Rotigotine
pol ymorphic form (I11) can béZ2used as a therapeutic
active substance. When Roti gotine of novel pol ynorphic

Wheor Rotipptine ustdndoelt pediimpgpaipaticemt $Uffefkengsed for

[ ens,itd 0 treat
c-LiPme 4 sEase sensitive fo e U SR, WAL i
trﬁ@@ﬁ$%¥SWltE rdly e Tor afopemingapennesably in partlcular D2

re@gﬁ£8£5t%b%@léﬂ% genggal gait i1se papentelal I  parenterally
adm ni stered in the formof a transdernal

adpiat apetiEt ¢ %t%ﬁ?ﬁéﬂs) Wy 1H) CEHBIT LS ad3dphiihgered,
e. @«or tmof: ha damﬁ sﬂspemw@@debman Umta@pghﬂ;rle;t l@&&m CEerrs),

i CE orn1 f an |ntran fornul@% S 28 5£ .
t ﬁ?el Y

i
bytﬁnfjeare genéra ysiréét%%e ?ﬁ Roi Gotd e
aﬂncwmﬂtthgwmﬁnmh|deﬁ@nﬁl(¢t)JaretﬁarkfusmncgfDaseasmtranasal

f0§@%5é9§ 's plus syndrone, depression, fibronyalgia
restl ess-legs syndrone. The respective dose w |
vary dependi ng upon synptons, age, sex, weight and

m§@@§é§.l\thtax q{réh eﬁakagmys,tﬂé&%e@etxkﬂp@hOﬁotlgotme of the
nls ration, ng?and i ntervals of adm nistration

noﬁﬁ LE ﬁﬁE@EFFéhI BPar dtiildns, 26t c. FREHEESHhér e FisSease,
Panhlmammlsulgﬂublwmyaﬁm@mamtlﬁapxayyﬂoﬂ(atﬁmbﬁhmyalgla and

reg@fégggfﬁéécaly&&fg%rathﬁl cogéglnln the novelv\_ﬁ_l}nl vary

olynorphrc fo o f RotigotTne suc 3s ?ransdernal
depéei ape utbens pynpfemsi npget | os owaialitetandetgensrsivity of

+hPreparednaccording tPothod of administration, time and
intervals of administration and pharmaceutical preparations,
etc. Hence, there is no particular limitation with respect to

the dose.

Pharmaceutical preparations containing the novel polymorphic
form (II}) of Rotigotine such as transdermal therapeutic
systems, injections or tablets etc. are prepared according to

methods commonly known in the state of the art.

The invention and the best mode for carrying it ocut will be
explained in more detail in the following non-limiting

examples.

Examples

[Preparation]

Preparation example 1
A sample of the polymorphic form (I) of Rotigotine batch
16208652 was placed in a small Aluthene® bag (2006

fabrication Bischoff+Klein). The sample was sealed and stored
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met hods commonly known in the state of the art. The

invention and the best node for carrying it out wl|
wheooeneisat ned in nore detail in the foll owi ng PCI/EP2008/066137

non-limting exanples . Exanples [Preparation]

Preparation exanple 1 A sanple of the polynorphic form

(1) of Rotigotine batch 16238652 was pl aced in a snal

a 06 fabrication Bischof f+Klein) . The
at%ﬁﬁﬁ@ %a? geé F35d Stdreddth S e Fier 1oiay's “of the
sabl € {,BkS bAcwbatken tine Jg ofr the.&aml e ¥asS;pon  strong
di ssolved in 2g of EtCOH whereupon strong

pr@@é@ib@ta@moﬁfofofmrﬁiI@C@@Egeded Prepar ati on exanpl e
2 5.277kg of polynmorphic form (1) of Rotigotine {batch
SPM 5904) were charged in a 20L plastic bottle and

prgpaygfigﬂ @kéﬁp5632 EtOH in an ethanolic slurry. The
kzﬁ ansfe nto a _nitrogen flushed reac
5.3

|B§ VEopE Fe  dedon LI Hre 8 (DFECH P
SOEL MefﬂaEeha:ﬂ@eﬂglhl QUEdLV\@Sa@’SlM%bttl@n@zﬁ@ré@:@v&@ted with

e ctor _an resul Ling suspension was stirr
5’%grE5§% %? ?g %th'%oéoon1 mperatuie. %ﬁ%@%q %t?§ﬁns£err9d
iﬁtﬁeﬂc@@ﬁﬁﬂ@%ﬂuflySha@ dﬁ@chargeﬂuirbhetpéaSEact@mnnﬂﬁ was
rlﬁsQ&a§§t§U§ufgﬂe£'étfﬂ rdbg. IeRCt O[ was, then, 1 ?rﬁégkfs well

of EtOH and afterwards the rinsing liqu
trwa%f%%%dt Sowadt® tHREGH A #Fed Ehft Fes8l tEpgalYupparieon was

stirfé@atarww ransterredato zfo@w ﬂeatt@dfamj@ shesd Sruently,
rie 43h at 40.0Cto nt we In both
eng e | S iR et R SrhaFroR . oo Zgacter Bia a

glass suction filter. The reactor was then rinsed with 2.8L
of EtOH and afterwards the rinsing liguid was used to wash
the obtained filtrate. Finally, the filtrate was transferred
to four tared metal sheets and dried for 43h at 40°C to

constant weight.

In both examples the successful formation Rotigotine of
polymorphic form (II) was confirmed by analytical data from
DSC and XRED.

In addition, peclymorphic form (I} of Rotigotine could be
guantitatively transformed into polymorphic form {(II) of
Rotigotine in a process according to preparation example 2,
when: the ethanolic slurry of polymorphic form (I) was spiked
with seeds of Rotigotine of polymorphic form {II).

[Characterization of the novel polymorphic form (II) of
Rotigetine in compariscn to polymorphic form (I of
Rotigotine]

Single Crystal X-ray diffractiocon
Suitable single crystals for diffraction have been obtained

by rapid evaporation of a methanol solution of rotigotine
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pol ynorphic form (I1) was confirnmed by anal ytical data
fromDSC and XRD. In addition, polynorphic form (1} o
wo 20068502 | ne coul d be quantitatively transfor PEHEP29$066137
pol ynmorphic form (I1) of Rotigotine in a process
according to preparation exanple 2 , when the
ethanolic slurry of polynmorpttic form (1) was spi ked
with seeds of Rotigotine of polynorphic form(Il) .
rofgharnbter fzani 6AIbf reheravvel bpotlyndr phiecf oBim¢le)crystal

% -0 ROt Gat 1508 - ip CQﬂP@J'SQBXF8R90|¥£BLEH'CEforUléké of yo-%,

Rotigotine] Sin al X-ray diffraction Sui

1r§?ﬁ@ﬁéleﬁyé?a7§g?%rAé¥fﬁﬁﬁcﬁ?oﬁoﬁ59€sbe€mﬁbb¥%ﬁneH* 915 46,
Ortaﬂ_hfﬂoﬁbﬁﬂ@m?latﬂ -.on2 of @f aetahazlrgia_l)o (Qohut,i on 91;13 Ifzo(z) ¢ =
r nepol ynor phi £ ence batc
147g%égggﬁ |%g$e cr%& hlq&%%g d%i?ia@tld% ddt’a 6@%Fbﬁﬁyn
1.@@mnk R UL §4878 M- KFanalradssa@rmmézﬁ)t T19730A)} Aseda.
s follows: C i9H25NCS, M 315.46, Othorhonbic P 2

22, a =8 4310(10A b = 13.620(2)A ¢ = 14.868(2) A
Coheal*gegd%m[eﬁ P =tpp0TFst2d pacipeng gpEmP Jyroragdc form

Il[ Wt?lagd%ﬁi@aﬁr@ sagreenentad a&BOBfRﬂoﬁm@e{%c zig-zag
eS|ve forces o t he c¢crystal packing
Chﬁap§nﬁﬁph¥€r@%?ﬂq?PP?SoV%aR%%?g%%$h% %%%rﬂ%$%|§tﬁ%déNi and

thepphehopobyp@ehc (@i g-zag chains o f hydrogen bonds via

the basic nitrogen atom (3SFl) and the phenol oxygen

(01} . This structure determnation confirns that
ThpslWW@MQhM@dﬂﬁﬁhQﬁmgndtipmit@méipn$yﬂhaphpmﬂYmorphic form

(IE@t'ﬁgn' net?@? cﬂ%ﬁ{h%fo HE? 8@1&% and confirms the

confor mati ona Ism ructure
Ocﬁéféﬁﬁ?nﬁfl%%ﬂ60¥m®§#9ﬁ®¥pﬁ@%YW@ﬁPﬁ{$m) o f Rotigotine
allows to sinulate a theoretical powder X-ray

The structure determination of polymorphic form (II} of
Rotigotine allows to simulate a theoretical powder X-ray
pattern (Mercury 1.5) characterized by the following peaks:
&.82, 12.06, 12.34, 13, 13.7, 14.32, 17.18, 17.76, 19.04,
20.44, 22.06, 23.02, 24.26 and 27.76 {(°28).

Experimental X-ray Powder Diffraction

The X-ray analysis was performed on a STOE STADI-P powder
diffraction System with a Cu-K, irradiation (1.54060 A),
wherein it was shown that the experimental pattern of
polymorphic form (II) of Rotigotine perfectly matches with

its simulated powder pattern.

In accordance with embodiments of the invention, the XRD
patterns of form I and form II contain peaks that are
specific for each form. The XRD pattern of form II contains
peaks not present in the XRD pattern of form I, and includes
a peak at about 17.72 % 0.2 (°28). In another embodiment, the
XRD pattern of form II differs from the XRD pattern of form I
and includes a peak at about 13.68 % 0.2 {928). In another
embodiment, the XRD pattern of form II differs from the XRD
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pattern (Mercury 1.5) characterized b y the follow ng
peaks: 8.82, 12.06, 12.34, 13, 13.7, 14.32, 17.18,
WQ@a700906852®. 04, 20.44, 22.06, 23.02, 24.26 and RTI/EB200R066137
Q . Experinental X-ray Powder Diffraction The X-ray
anal ysis was perforned on a STOE STADI - P powder
diffraction Systemw th a CutX irradiation (1.54060
A), wherein i t was shown that the experinental
papaeter wio fopol ynenghilacdflodms( d )peak ROt iegotitnel9.01 = 0.2

(OE@” eC}t_rll y a%‘i:ﬁ@?s ng{)}ii §n§' m%'h%t eglﬁ]ﬂo:ﬁg rte%@lt t SEn form 1T

accordance wth ventl on,
dlﬁﬁ@fﬁatfff@rnn@@ %Rpomqtea‘?m Cfforl?ﬁ‘qm I c@rﬁ@amcb@@ﬁ% peaks at

abbhat 1ar, ezs&eco fa cmﬁ% eaeh fiermy They XRD(paster @mgof:tantzy,
form.l cont ai fpeaks not present in the XRD pat t
thg P(RPoPﬁwtltemaﬁ TREFudes R ERiE Pehmbht 24957220078 = 0.2
(°2)Q . In anot her enbodi ment, the XRD pattern o f
forml | differs fromthe XRD pattern o f form| and
includes a peak a t about 13.68 0.2 (2 Q . In
Thenotdrytl enbodi rbatrporhe HRBupat t éemoustr&bﬁmuhq difference

' r r t I [ud a
begg%Eﬁa? hfgbg;l% %%5]5% i g‘"‘fﬁ{m ano rb:ei}fefelé;n‘oiédgf%%n%nél The
eXPREIRRPEPat t SF T Bf f@rli%flllacc‘ﬂ%r sPREBRTEhe ®RD the novel

pomgfnbepnlaf ff)@ﬂhm(i[lanafl nekuges:ipeaks ahaag.@aterﬂea%y peaks

atpa Jtée"%r‘? %%gr?lﬁ?q °¥ agkéegzﬁgaklépggbogtat é 3lhzeogggD $3.68,
17Q¥2, THe 10dsul 2. 4wr t Bér.Adr e 2l &ar| y2tem®nstrane ,t e . 91 and

?2dE%feQﬁ£&% QGB%%§)e§S$ﬁ£M@nggil%gkkg?np%ﬁygggﬂwgorphlc form

g_j I gures e experi nta
(Idi fifr sbpirentpaieern bof narkshoviel dipblyamr i catwies ([139) of

100@3R0t Lgokine 45, charact erj zediéoxsaoea&% %ta di birastion, g7,
gles(zQﬁ of 12.04. 12.32, '12.97

2527 25.477 26.27, 27.75, and 2%. 55 Each of these peaks,

either alone or in combination with others, may be taken as a

basis to characterize Rotigotine of form (I) or form (II},

regspectively.

Raman Spectroscopy

A sample of Rotigotine was placed on a cover glass and then,
based on only one crystal, the sample was focalized with 10x%
and 50x-WD: Raman HJY ARAMIS, laser 784.9 nm, 4x 20 sec, obj.
10X + b50X-WD, hole 500um, slit 100um. The acguisition was
performed by 4x 20 seconds with the objective 50x-WD.

The results are shown in Figures 5 and 6. Figure 5 represents
the spectrum of polymorphic form (II) of Rotigotine whereas
Figure 6 sghows the superimposition of batches 7769396
{reference polymorphic form (II)) and WE 11664 PS-7
(predominantly polymorphic form (I)). This overlay highlights
several discriminative peaks of these two batches. The novel
polymorphic form (II) of Rotigotine comprises at least one
peak, preferably at least two peaks, at least three or at

least four peaks at wave numbers (cm’) selected from 226.2,
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17.72, 19.01, 20.40, 20.52, 21.84, 21.96, 22.01, 22.91

and 22.96, whereas the experinental pattern of
w@ologmessphi c form (1) is characterized by peakBCHEP2008/066137

diffraction angles (2Q of 10.83, 12.68, 14.66, 15. 32,

16. 66, 16.68, 20.23, 22.67, 25.17, 25.47, 26.27,

27.75, and 29.55. Each of these peaks, either al one or

in conbination with others, nmay be taken as a basis to
29¢h8racteri2e ROLY gotine30f3 f orta3(13), o7 50oBm (BRY.3, 878.3,

1ofgspect pyekyg, Raﬂ@@esﬁe‘?t Fosgopy Aisgaphe ofs7g 2 1330.7,
Rotigotine was placed on a .cover glass and then, based

138A - 8nl §09ne 448/st al, BheCBanptReNERs f ROAIEPhAa hfeen (1)
exANY1BEX- YRz r RanBpi EdYc ARAMER: | aser wd84. %mergx 26n*y  of

23%?%&” gﬂ? b?hl\(/\)é’ Jc] rfo%d by 592 se 42; wmhewgﬂk
108Bj éct i ML BMAK- V\Dd 'Iffti:tézafe’f‘,ulit S? ake 'shovinei mo%ie@urpslﬁnorphic

o Rl bR PBE e (TS Of  Rofi ol T he® wherBoer e GulB=apy™ |

(2 shbmntfﬁéewpéﬁ r&pesPl Fbnnephbhechesl 7776939?61aracterlzed by
a Reeber %@%%t%wr&&@yl%l&@r rat( Ile)as)t ame %&46%£§Zamy at

1%gredom nant | \y;L form ( s over| a
le Ehlﬁ‘“ﬁ’nt s?ke @raﬁ’lt d?@é?? moﬁatﬁ‘?/elﬁéﬁﬁés itk h@%@kﬁv\/@‘t wave
nufBtebes (cihie nevebcpad ynbrghi c7ifoorom (7B)7.of, Rotigetings7.3,

f bl |
10F8aRs. 1204 dast A ree b bagt o ol “pedke Bt YevRT s B
nonahbeoéy(nonpml;c Sermct &d) f pONR2RBg 2L 20%. Dg Gﬁar@g:terlzed by
7 13423, 574 AT 01
at ]1%51%‘(;, §o§6°f, %%4%@9%% % ei‘az}# 25%%0% 363.9,
73%433 8Ad- 34480783 emillahér éa§ poFgrer phi c form (1}

exhibits characteri sti c peaks at wave nunbers (cm1l )

238, 25 307, 445, 6?2 6, 747.2, 882.2,
D1§6§§e§tlal canhing Calorimetry

Thermal behavior investigations of Rotigotine of polymorphic
form (I} (batch 1608726) and of polvmorphic form (II) (batch
7769396) were performed on a Mettler Toledo DSC gystem and on
a TA instrument {Q~-1000). The analyses were carried out with
a heating rate of 10°C/min in plerced aluminum crucibles in a

temperature range from 30°C to 140°C.

The results are summarized in Figure 7 and Figure 8. The DSC
thermogram of the novel polymorphic form (IT) exhibits an
endothermic peak with a Toser at 97 = 2°C and a Teeax at 98°C
2°C, whereas the onset of the endothermic peak of polymorphic
form (I) is at 77 % 2°C under the same conditions. For both
polymorphs only one single peak could be observed in their
thermograms, indicating said polymorphs being free of any
impurities of the respective other polymorph, with respect to
DSC sensitivity.

In sum, the two polymorphic forms of Rotigotine can be
differentiated by their respective melting point and their

respective enthalpy cof fusion. Both are higher for the novel



10

1039.4, 1081.6 and 1324.3 3 cm1 . The novel
pol ynorphic form (Il) o f Rotigotine ((- )-5,6 ,7
WQ Seove6asahydr o- 6- [propyl - [2- {2-thienyl )ethpCT/EP2008/066137
-am no] -1-naphthalenol ) is characterized by a Raman
spectrumconprising a t |east_one peak, preferably at
| east two, at |east three or-‘at |east four peaks a t
wave numbers (cm 1l sel ected from 710.0, 737.3,
POIYBOZPhea7 Prr10i8lY, angl4o3, apr¥ging 1384, BurgernRdmberger

rulBspanti eyl.an, bgh@eﬂeﬁgkraghangﬁghlgoigﬁakﬁﬁi& 9£rm (1) is
Otl%ptlne is characteri zed east one o

ChegPovRAl I pa&kY: B ZSt?]QEYeOthg’QS @1WI@1‘B4fO§m (I) at

al10?:8n;§1at@@‘e$?géré§e$ﬁtﬁﬂb% bTEbftiaEéﬁQt I ﬂhcts:_sﬁxa@%dﬂgym?xphs of
orrLnetr e enav L NV | | ON 0

rofduLulE: h¥e Fosk ShebiRl RORH Phr PR I e 28 L0893 )

and o f polynorphic form (11) (batch 7769396) were

er er I T
PR et SASTRRIERA Sl o
Roﬁﬂgﬁtanﬁeﬁﬁﬂnglﬁat eomeiéﬁrﬁﬂnwihhpr?c@@P&lhﬂihumﬁthod (in

anCryenbligseir-n Batgnpgrature rangeikrom 3 09 Giten149 Ofsfier
The results are summarized in Figure 7 and Figure 8
HotbeREhpSC ther mogram o f the novel pol ynorphic form
(I'l') exhibits an endo thermc peak with a TonSt at
97 2 0C and a Tpeak at 9 80C + 2 0 C, whereas the
onset o f the endotherm c peak o f pol ynorphic form
(I) isat 77 20 Cunder the sane conditions. For
bot h pol ynorphs only one single peak could b e
observed in their thernograns, indicating said
pol ynor phs being free of any inpurities o f the
respective other polynorph, with respect to DSC
sensitivity. In sum the two polynorphic forns o f
Rotigotine can b e
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differentiated by their respective nelting point and

their respective enthalpy o f fusion. Both are higher
wo e009éss20ovel pol ynorphic form {I1) and by appPgi/RBRD$IE66137

Bur ger - Raraberger rules, it could be denonstrated that

pol ynorphic form (I11) is thernodynam cally nore stable

t han pol ynorphic form (1) ati®all considered

tenperatures. Therefore, the two pol ynor phs of

Rotigotine are nost probakllyimsnotropically rel ated.

The nelting point of the novel polynorphic form(ll)

of Rotigotine can al so be neasured with the capillary

method (in an oil/water bath with a magnifier) or with

a Kofler Hotbench.Clainms 1 . Polynorphic form(I1) of

Rotigotine ((-) -5, 6,7 ,8- tetrahyd.ro- 6- [propyl-
1'[2-P%§W‘Pﬁ'@}§ﬁ7?) SO ] Ui noPt- 1-g%&ﬁq+5leenol( (}?/'52'6.'7'8‘
teArphlyror phil prboy i 0f - Rot tigbéhyie) dahy hp-atihensi-one

-7 powder diffraction spectrum conprising at
naﬁé%@?i(%%gybéak at the following 2Q angles ( 0.2) :
12.04, 13.68, 17.72, 19.01 a Raman spectrum conpri si ng

at k t i : r + 3
2 S AP0 PRl By 08 LI SUA D0 USR5 e o5
1354.3 cm 1; a DSC peak with a T nSet at 97 0C 20C

neagured Wdwieér heatengetabe @bkt canPBleing at least
poi nt of 97Ct 2% 3. ﬁ\ ﬁpl m)g%u c form of +Rohl got_l ne
£&tor BERE 18 clditn 201 1CHaPHCt éFF zetd DYt wd,® t Arééiorl2- 04,
flaure aof the7f,ol1%Miing X-ray powder diffraction peaks

(2Q ( 0.2): 12.04, 13.68, 17.72, 19.01.

a Raman spectrum comprising at least one peak at the
following wave numbers (£ 3 om'): 226.2, 297.0, 363.9,
737.3, 847.3, 1018.7, 1354.3 cm'’;

a DSC peak with a Toamsee at 97°C + 2°C measured with a

heating rate of 10°/min;
a melting point of 97°C + 2°C.

3. A polymorphic form of Rotigotine according to claim 2,
characterized by two, three or four of the following X-ray
powder diffraction peaks (°26) (+ 0.2): 12.04, 13.68, 17.72,
19.01.

4. A polymorphic form of Rotigotine having a X-rayv powder

diffraction spectrum substantially as shown in Figure 1.

5. Rotigotine drug substance comprising at least 5%, more
preferably at least 10%, of a polymdrphic form of Rotigotine

as defined in any one of c¢laims 1-4.
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4 . A polynorphic formof Rotigotine having a X-ray

powder diffraction spectrum substantially as shown in
wWo-2@a0ess20 . 5 . Rotigotine drug substance conpPCHEPZPO$066137

| east 5% nore preferably at |east 10% of a

pol ynor phic form of Rotigotine as defined in any one

of clains 1-4.6 . A Rotigotil¥e drug substance

conprising at |east 50% nore preferably at |east 90%
6.0f A poltymortpmec flonm ofulRdtdarget | nemasidehoned: | DeaBy 50%

moa%:f%gaféﬁ%stal %: aeas% Rgﬁbgotﬁpe dr§%1§%%§%%g%e form of

ntial 'y all Rotigotin
Ropappghprphie flefmnad defamedond @ﬁycb@@a@flcf& aims 1-4.
8. A crystalllne pol ynmor ph according to any of clalns
1 to 7 for use as therapeutic active substance

7 pha%n%%w%hmec%ﬁb%sw%*ﬁa%@rpw%%@naSlFia%*f@%H%ly all of

Rodﬁggtslu@sianﬁzﬁ ac el giiagphe cClfai-ie 2% Hamithed Ireasly one of
19 mspfa.ﬁmaceutlcally accept abl e excipient. 10. A

phar maceuti cal conposition according to claim9 ,

wherein the rotigotine drug substance conprises at

g.| eagt pyp ol sald QBW{'{B?Q@ 8c[i8%[~ﬁ% rt%“ 98} IJ¥ A%ims 1 to

defined 1n any on
7 ﬁﬁﬁr%%e%ﬁl’é]é?r%@ﬂ*ﬁ*ésﬁ@@ﬁl‘a%cwl@ﬁ?@m?% cI aim9 or 10,
whi ch |s in formof a transdermal therapeutic system
ic formof Rotigotine as defined in any

12 .
7+ of ]’éIF%E C‘Giuﬁ 1ot GEBPPATAIARE ABEPFOF IPFedt iRff igotite drug
supatiend suabberidigof rom a disease sensitanm® teacth@east one

ph%£ﬁ§é t%%%iggtggcéﬁgggéoreggonléﬁg 13 . Pol ynor phic

orm o i Fred ¥ 1 any of clainms 1-4 for
use in a nethod for treating a patient

10. A pharmaceutical composgition according to claim 9,
wherein the rotigotine drug substance comprises at least 5%
of said polymorphic form of rotigotine as defined in any one
of claims 1-4.

11. The pharmaceutical composition according to claim 9 or

10, which is in form of a transdermal therapeutic system.

12. Polymorphic form of Rotigotine as defined in any of
claims 1-4 for wuse in a method for treating a patient
suffering from a disease sgensitive to the treatment with D2

receptor agonists.

13. Polymorphic form of Rotigotine as defined in any of
claims 1-4 for wuse in a method for treating a patient
suffering from a disease sensitive to the treatment with D2
receptor agonists, wherein said disease is selected from
Parkinscn’s Disease, Parkinson’s plus syndrome, depression,

fibromyalgia and/or restless-legs syndrome.

14. Use of a polymorphic form of Rotigotine as defined in

any of claims 1-4 for the manufacture of a medicament for the



suffering froma disease sensitive to the treatnent
with D2 receptor agonists, wherein said disease is
W@ 20080685e0 f r om Par ki nson' s Di sease, Par ki nson' BCPEPR2908/066137
syndrone, depression, fibronyal gia and/or
restl ess-legs syndrone. 14. Use of a pol ynorphic form
of Rotigotine as defined inZhy of claims 1-4 for the
manuf acture of a medi canent for thetreatnent of a
trpatinent ebf Bepiang ehrtome ditsegsdrsensi tdiveed e tdhensitive to
th&fﬁéégﬁﬂé%gﬂ&gkﬁﬂnéeESE&8£o§QQS6E£§ts15 Use according
to clarm ereint di sease sensitive to the
treatment with D2 receptor agonists is selected from

15Partg@8@@c§r&§§a§§ cf’aiﬂm DSONyBePLUS SYHUEOEBsse sensitive
deﬁﬁe33| qy géa and/ or restl ess- | egs

atment w1 receptor agonists 1t selected from

Parkinson’'s Disease, Parkinson’'s plus syndrome, depression,

fibromyalgia and/or resgtlesgss-legs syndrome.



