CRYSTALLI NE SOLI D RASAG LI NE BASE Thr oughout this application various
publications, published 5 patent applications and published patents are
ref erenced. The discl osures of these publications in their entireties are
hereby incorporated by reference into this application in order to nore
fully describe the state of the art to which this invention pertains. 10
Background of the Invention United States Patents

5,532, 415, 5, 387, 612, 5, 453, 446, :

5, 457, 133, 5, 599, 991, 5, 744, 500, 5, 891, 923, 5, 668, 181,

5,576, 353, 5, 519, 061, 5, 786, 390, 6, 316, 504, 6, 630, 514 15 di scl ose

R(+) - N-propargyl-1-am noi ndan ("R-PAI"), also known as rasagiline.

Rasagi | i ne has been repordysraio e Sosa e@lsheerhwdigaggor of the B-form of

t he enzyne nonoam ne oxidase and 15 US —Th treating
Par ki nson' s di sease and various other conditions by inhibition of MAG B 20

in the brai Ahronghed SteseapPateati®) 124,1968 andl RET ipuisl, i eabil bah&iD

95/ 110165di %élt@fiﬁ Qbﬁ[{@&tﬁlﬁdscadr}cp%msﬂsth!e@n%s%@gﬂé| airag rrzegéggh&é@.e salta S.
Rasagi | i ne y I rove or treatin ar ki nson'. s i sease either
as monot her g§§§7 8%(2%&%?19%%] ?JEII’IC W hP lecrattq%at rlrﬁnfcg‘eléegflté?:a?%es

AG LECT(r), 2PRy8fFEFRIN' SnIagiorRéEPEr BHcae(209B)e 160wh thdist iforliTabheon

Heal t hcare. iA sydthesbs mofrer daagiyl ideecicsbdi sakosedténold. ShePatrant+ 30

5,532, 415 i pp, W Gl sexanplee 3 denGribgg recovery of rasagiline base as an
oil after chromatographic separation. The other synthetic exanples in U.S.

Patent Nb. 5,532,415 show rasagiline salt preparation fromits crude form

or its raceBRickdnoundwbf cthe Infrgnthen reacted with appropriate acids
United States Patents 5,532,415, 5,387,612, 5,453, 446,

5,457,133, 5,599,991, 5,744,500, 5,891,923, 5,668,181,

5,576,353, 5,519,061, 5,786,390, 6,316,504, 6,630,514

15 disclose R{+)-N-propargyl~l~aminoindan (“R-PAI"), also

known as rasagiline. Rasagiline has been reported to be a

selective inhibitor of the B-form of the enzyme monoamine

oxidase (“"MAO-B”) and is useful in treating Parkinson's

disease and various other conditions by inhibition of MAO-B
20 in the brain. United States Patent 6,126,968 and PCT
publication WO 95/11016 disclose pharmaceutical

compositions comprising rasagiline salts.

Rasagiline mesylate 1is approved for treating Parkinson’s
25 disease either as monotherapy or as an adjunct with other
treatments. See, e.g. AGILECT®, Physician’s Desk Reference

(2006), 60" Edition, Thomson Healthcare.

A synthesis of rasagiline is disclosed in U.S. Patent
30 5,532,415 in which example 3 describes recovery of
rasagiline base as an oil after chromatographic separation.
The other synthetic examples in U.S. Patent No. 5,532,415
show rasagiline salt preparation from its crude form or its
racemic form which is further reacted with appropriate acids

35 to form pharmaceutically acceptable salts.



35 to form pharmaceutically acceptable salts. 2 However, the existence or
preparation of a crystalline formof rasagiline free base is not disclosed
inthe art. 3 Summary of the Invention The subject invention provides
crystalline R(+)-Npropargyl 1-am noi ndan. 5 The subject invention also
provi des a process for manufacture of crystalline

R(+) - N- propar gyl- 1- am noi ndan whi ch conprises: a) dissolving a salt of
R(+)-N-propargyl-1- am noindan in water to forma solution; b) cooling said
10 solution to a tenperature of about @& 15C, c) basifying said solution to
a pH of about 11 to forma suspension; and d) obtaining said crystalline
rasagi | i ne Ro#eveE prioparagpibténcandnoprataratiom ohea susparsiione f&rirhe

subj ect inveRt | 98 A 1SQPFBYE dRS 81 BT RCESH skbobsd@NUf apkusgr of crystalline
R(+) - N- pr opar gy1- 1- am noi ndan whi ch conprises: a) obtaining a first organic
solution of liquid R(+)-N-propargyl-1-am noindan; b) conpletely evaporating
the solvent fromthe first organic solution 20 under vacuumto forma
residue; c) dissolving the residue in a second organic solvent to forma
second organic solution; d) conpletely evaporating the second organic
solvent fromthe second organic solution under vacuumto form a residue;
and e) nmaintaining the second residue at a tenperature 25 between 0 and 25C
to formcrystalline R(+)-Npropargyl-1- am noindan. The subject invention
al so provides a process for



manuf acture of crystalline R(+)-Npropargyl-1-am noi ndan 30 which
conprises: a) obtaining a solution of crystalline

R(+) - N-propargyl-1-am noi ndan in a water-sol uble organic solvent; b)
conbining the solution with water; c¢) cooling said solution to between 0
and 2000 to formcrystalline R(+)-N propargyl-1-am noindan; and d)

I solating the 35 crystalline R(+)-Npropargyl-1-am noindan. 4 Brief
Description of the Figures Figure 1:X-Ray Diffraction diffractogram of
rasagili ne base prepared according to Bxanple 4. Figure 2: M crograph of
rasagil i ne base prepared according to Exanple 4. Figure 3: M crograph of

rasagi |l i ne [foowmapycpfartde Jovemtliong to Exanple 5. Figure 4: M crograph of
rasagil i ne base prepared according to Exanple 6. Figure 5:M crograph of

ilin r red
rasag € Q%gesgb§%§¥ invention provides crystalline R(+)-N-propargyl-

l-aminoindan.

The subject invention also provides a process for
manufacture of <crystalline R({+)-N~propargyl-l-aminoindan
which comprises: a) dissolving a salt of R{+)-N-propargyl-1-
aminoindan in water to form a solution; b) cooling said
10 solution to a temperature of about 0-15°C; c¢) basifying said
solution to a pH of about 11 to form a suspension; and d)
obtaining said c¢rystalline rasagiline R(+)-N-propargyl-1-

aminoindan from the suspension.

15 The subject invention also provides a process for
manufacture of crystalline R(+4)-N-propargyl-l-aminoindan
which comprises: a) obtaining a first organic solution of
liquid R(+)~-N-propargyl-l-aminoindan; b) completely
evaporating the solvent from the first organic solution

20 under vacuum to form a residue; c¢) dissolving the residue in
a second organic solvent to form a second organic solution;
d) completely evaporating the second organic solvent from
the second organic solution under vacuum to form a residue;
and e) maintaining the second residue at a temperature

25 between 0 and 25°C to form crystalline R(+)-N-propargyl-1-

aminoindan.

The subject invention also provides a process for
manufacture of crystalline R{+)-N-propargyl-l-aminoindan
30 which comprises: a) obtaining a solution of crystalline
R(+)-N-propargyl-l-aminoindan in a water-soluble organic
solvent; b) combining the solution with water; c) cooling
said solution to between 0 and 20°C to form crystalline
R(+)-N-propargyl-l-aminoindan; and d) isolating the

35 crystalline R(+)-N-propargyl-l-aminoindan.



according to Exanple 7. Figure 6: M crograph of rasagiline base prepared
according to Exanple 8a. Figures 7-10: FTIR spectra of rasagiline base
prepared according to exanple 5. Figure 11: M crograph of rasagiline base
prepared according to Exanple 9. Figure 12: M crograph of rasagiline base
prepared according to Exanple 10. 5 Detailed Description of the Invention
The subject invention provides crystalline R(+)-Npropargyl-1- am noi ndan.
The subject invention also provides R(+)-N propargyl-1- am noi ndan
characterized by a powder X-ray diffracdion pattern having peaks at 8.5,
12.6, 16.1, and 16.9 in degrees two theta 0.2. It can be further

charact eri z&tief BescofipdiopowficrhediFibneesi on pattern havi ng peaks at 20. 3,

20.9, 25.4, 26.4, and 28:3 in degrees two theta 0.2; or by a nelting point
es a the pharnaceuti cal

of 38- 41C F‘I,'he supj ect ipventi QE al SO, pr ovig

conposi ti on FEGHPRI §1 ng crist PHAETRE S ONYF OPRT RAFAE- bk Hi9iddA®and a
phar maceuti cal | y accept abbasec arepered Hreophangeaice ixiagale conposi ti on may be
formul ated for transdermal application. The pharmaceutical conposition nay
be in the f%ﬁg%%i é% tran%&%ﬁ!é%&aggtggLrasagiline base prepared

according to Example 4.

Figure 3: Micrograph of rasagiline base prepared
according to Example 5.

Figure 4: Micrograph of rasagiline base prepared
according to Example 6.

Figure 5: Micrograph of rasagiline base prepared
according to Example 7.

Figure 6: Micrograph of rasagiline base prepared

according to Example 8a.

Figures 7-10: FTIR spectra of rasagiline base prepared
according to example 5.

Figure 11: Micrograph of rasagiline base prepared
according to Example 9.

Figure 12: Micrograph of rasagiline base prepared
according to Example 10.



The subject invention also provides a process for the manufacture of
crystalline R(+)-Npropargyl-1-am noi ndan whi ch conprises: a) dissolving a
salt of R(+)-N-propargyl-1l- am noindan in water to forma solution; b)
cooling said solution to a tenperature of about 0-15C, c) basifying said
solution to a pH of about 11 to form a suspension; and d) obtaining said
crystalline rasagiline R(+)-Npropargy 5l 1- am noi ndan fromthe suspension.
I'n an enbodi ment of the process, where€in the crystalline R(+)-

N- pr opar gybetaidridnDesictaption gff ehéidinvvedtbpti cal purity relative to the

R(+) - N-propargyl-1-am noi ndan prior to crystallization. 6 which conprises:
a) obtaining a first organic solution of liquid

R(+) - N- pr opag gyukiecanminotidan; pbyvidsaplcayetad ldnaps8iat iNgreprsddent from
the first ghganngasol ution under vacuumto forma residue; c) dissolving
the residue in a second organic solvent to forma second organic sol ution;
d) conpletely evaporating the second organic solvent fromthe second

organi c sothd i osunirder vacubtidro farse a mecands r esi-duel-panda )y LFat nt ai ni ng
the second_residye at tyure_ b en. 0. rystalline
R(+)-N-pr opar gyTH?Ln arﬁ‘aﬁgcﬁe lze%l% 7 ah g%%\,% |rren yo?géggkg%%c el ¥ e organic
sol vent antetimg seekmditoBgani B2 .ol vent, ang flhed smr@legrﬁean@t%éheéﬁbodl ment ,

the organic gobvent and the S8¢apd %g@&u&ﬁgéaeey ahe a9 Qosider I N yet
anot her enbodi nent, the organi ¢ sol vent and the _second or gani c sol vent are

i sopr opano‘i“fflrﬁc’irje‘in 2RGEHET herbBRinRake of the  pfOcts<’ - whet®itn £RS
crystal |l i nes.B( ih- Neprepargyl-theas poindar bsok emhancedapti oal 38-

puri tyrekch{oi Ve.- to the R(+)-Npropargyl-1- am noindan prior to
crystallization. The subject invention also provides a process for

manuf acture of crystalline R(+)-N propargyl-1-am noi ndan which conpri ses:

a) obtaining as§9;Lé!:“ 0 PdntRot) - Nedy 0RaEGYdss1- am Al ngﬁamaree%twegﬁr-sol ubl e
or gani ¢ sol vent nmbi ning the solution with vvat er. c) cooli ing sai d

sol ution t‘i?“‘ﬁ@ﬁ\k]é’ﬁ‘ 0 aftMZECIEd f ordRYEFFLHAEl i neR ) -N-propargyl
R(+) - N- pr apanhgyddsr aft n@ighdanacaitdcd) 1y selcaptag e bErf:JTQd:St al line
R(+) - N- propar gyl- 1-am noi ndan. In an enbodi nent of the process, the

wat er - sol ubl e organi ¢ solvent is an al cohol.
The pharmaceutical composition may be formulated for

transdermal application. The pharmaceutical composition may be

in the form of a transdermal patch.

The subject invention also provides a process for the
manufacture of crystalline R(+)-N-propargyl-l-aminoindan which
comprises: a) dissolving a salt of R(+)-N-propargyl-1-
aminoindan in water to form a solution; b) cooling said
solution to a temperature of about 0-15°C; c¢) basifying said
solution to a pH of about 11 to form a suspension; and d)
obtaining said crystalline rasagiline R(+)-N-propargyl-1-

aminoindan from the suspension.

In an embodiment of the process, wherein the crystalline R{+)-
N-propargyl-l-amincindan is of enhanced optical purity
relative to the R(+)-N-propargyl-l-aminoindan prior to

crystallization.

The subject invention also provides a process for the

manufacture of crystalline R(+)-N-propargyl-l-aminoindan



7 isopropanol or a mxture of ethanol and isopropanol. In yet another
enbodi nent of the process, wherein the crystalline

R(+) - N-propargyl-1-am noi ndan is of enhanced optical purity relative to the
RW N- propargyl-1- ami noindan prior to crystallization. In devel opnent of
pharmaceutical conpositions, crystallinity is a desirable property in an
active pharmaceutical ingredient. Crystal substances allow for ease in
processing and fornulating into nost types of pharmaceutical dosage forns.
Previ ousl ywhia@sagohpmeebase)hasbtizeéenng sal afiedtasomyandt| sddthat as a
crystatling;sold & Wiloub. ?e%ﬂg-grfeﬂ{aq BYnf NBOTBmpi dedis ROSSIAIG L hat
rasagiline has been pr évi ous isofated as an ol due to presence” of

resi dual séheemelvensucirons thel Jénet oPrIZBEr GPanRbIen THESINVERBE s thave _
surpri si ngleyrd oling iRat; r @sadissbNei RAs@NBYsRed S@l at @dcbit 2 RRARYYr oscopi ¢

formthat remains crystalline at roomtenperature. Crystalline rilsagi l'i ne
base has | 8%Feat BY ~ 8FBbid i £§°an hedy S a4t Phe $HI t SO™RSFECYal |y the
mesyl at e saldporaficd itz wetetfid selqable. sdihvensoFudn |tiHey setondsagiahioe

mesylate inp ter is 92 [ at p f 6.7 57 a of 3.3,
bot h rreasu?%%\ﬂaté?m%@c%ﬁt n?%cgluénarr%gt egr_?'ﬁglr a%ursee,%ggﬂe Igeoslq%lg} i taa;ndof Q’r_'asagi l'ine
base i n waneintagnbn®g thy rdecand argpddof at. aCeymsglripe bseghl Pnendase may

be used as;a syt Aot %r}@%aelrﬂ%di@m KO0p P45 ed-1-Qmahbaidund rasagiline salt,
such as rasagiline nesylate or rasagiline tartrate. The crystalline

rasagi li ne base may be dissolved in a solvent and reacted with an acid to
form a pharirese unimedl hyntaceepirablgoacsd add tdrgAnsal $olvEhe enystadl i zati on
of rasagiljne bhase could :preO\éi de addi Lgxé)nal purification of the acid

addi tion salt. = 8 Vater" ol ubi ?ﬁy s-often an i nportant characteristic of

an active pharmaceutical ingredient, especially when fornul ating oral
CONposi ti Offs. LROMRI MBSodihPRPNI LLET ¥ gQh1 ANsaGfdrée phar BReeukic6dd
ingredient is desired when 5 formnul ati ng ot her pharnaceutical conpositions.
Crystal | i iF¥a3agTIIVRBE baise 2hEY " BE ‘usef ul for formul ati ng pharmaceuti cal
conpositions wherein |low solubility in water is desired. For exanple,
composi tiops for transdermal, adm nistrations can.be. formbated from

| i pophilic cc?’rrpoun S. rExarrpfjes of such®IFtradsdérmal conmpositrons include
oi nt ment s,ongrearsscANdnpatrchésoprranstder mal For nul ati ons and Transder nmal

Pat ches Transdermal patches are nedi cated adhesi ve patches placed on

In yet another embodiment of the process, wherein the
crystalline R(+)-N-propargyl-l-aminoindan is of enhanced
optical purity relatiyve to the R(+)-N-propargyl-1-

aminoindan prior to crystallization.

The subject invention also provides a process for manufacture
of crystalline R(+)-N-propargyl-l-aminoindan which comprises:
a) obtaining a solution of R({+)-N-propargyl-l-aminoindan in a
water-soluble organic solvent; b) combining the solution with
water; c) cooling said solution to between 0 and 20°C to form
crystalline R(+)-N-propargyl-l-aminoindan; and d) isolating the

crystalline R{+)-N-propargyl-l-aminoindan.

In an embodiment of the process, the water-soluble organic

solvent is an alcohol.

In another embodiment, the alcohol is either ethanol or



15 the skin to deliver a tinme-rel eased dose of nedication through the skin
and into the bloodstream A wi de variety of pharmaceuticals can be
del i vered through transdermal patches, such as nicotine for snoking
cessation, scopolamne for notion sickness, estrogen for nenopause and
prevention 20 of osteoporosis, nitroglycerin for angina, |idocaine for pain
relief fromshingles. Sonme pharnmaceutical s nust be conbi ned with other
subst ances, such as alcohol, to increase their ability to penetrate the
skin. Ml e¢sdmpehol neuki nixtamd odrprhebbleranghaseraopatetal s; however, are
too large to 25 pass through the skin. Transdermal patches have several

i nportant conponents, including a liner to protect the patch during
storage, the drafg, 2@EReey vembadimartr awé (£B° coMHAERST el ¥iREE1Bf EhR drug

fromthe respudiije aﬁd+mb@95g>anggytlolparﬁh@@ﬁdgme pat clef r amnahee@ut er
environment. The two nost 30 corrrmnlﬁﬁges of tran ger_rralf\ig?aé%g s.are matrix
and reserv%??lﬁagpéﬁlrlfyﬂ ansder maf © Red®, % i AP 15, 2007,
W ki pedi a &oundataomribactg cbgsestigrzailon 2007

<http://en.w ki pedi a. org/ wi ki / Transder mal _pat ch>; and Rem ngton, The Science
and Practice of Pharmacy, 20th 35Edition, 2000) 9 matrix type patches a
drug is di Fpeieyedorneng Plfp@}ﬂﬁﬂlapeuwaﬁyﬂialﬁfmﬁllt%ni)oIcyfbréFaHd{nﬁFX s3ch as
acrylic oraVvioydae1pobysEd: &y Afhesi va-aoly BBESnactuehcas pejndasehut yl ene,

are used to hold the patch in place on the skin. (Stanle “'%gel ndl i n,

(2004) " Travsar n%?bsﬁfiﬂﬁew%l\‘? r§PT BAST, erIQE‘"@ERﬁ's“EUfBﬁQE LGP ar

I nt ervent i 01, mdsB30§p832)f Phermajetitalmidoabyonfdrast ransder mal drug-delivery
is the intrinsic barrier property of the skin. Penetration enhancers are
often added to transdermal drug formulations in order to disrupt the skin
surface amRreraoselyasperdiding eig vepybeeryprediteserét patdidn 2efheticer s

i ncl ude high- ab%ﬂys@glﬁlrf‘eowﬁd dir oot f %EILIYg a&hﬂlde%tyertaeogb eigc acd d and
gl yceri de-based solvents, and are conmp centratjon of one

to 20 per A&SEIPHT HPAE( RRTAHdA BONS befié\ﬁé‘%é(‘ff)f’?l@lyoﬁ%?ﬁ REsFUeSyst ems for
Transder nelueDr ttg  Peésaretey cFarodasich,al Dsalgyebes| veny) &Rasagidenae gy al so be

used 1 COIBEABLIN W bR Ot Nefedbugs LAVA (ABREELIRY PRLEHa SUER 25

t | enser azimeabadiost |bgﬁie pent kehyidaleakd ool 3 heordivgdes eoraklcéhon, teat ril uzol e.

Exper i mentzah, Dot aidse ExamRl 8 Lroon! SOhUAs00-0f rasagiline base by splitting
and extraction. Rasagiline nesylate was prepared essentially as described

in U S Patent 5,532,415 exanple 63, with the exception that the tartrate
salt was mbistalb.)&nadd:iatsb@ﬂlﬁfe Ned, mand 1derr agagicl isaeubl Beybaseinwas
i solated as_an oil | ate salt scht hen f.ornmed 9¥ ad}glti on, of

nethanesuW?8ﬁ|E %ﬁﬁﬁ&lne saf@g, espéecially e mesylate sa
water soluble. The solubility of rasagiline mesylate in water

is 92 mg/ml at a pH of 6.7 and 570 mg/ml at a pH of 3.3, both
measured at 25°C. At the same temperature, the solubility of

rasagiline base in water is 5.5 mg/ml at a pH of 11.

Crystalline rasagiline base may be wused as a synthetic
intermediate to be used to attain a rasagiline salt, such as
rasagiline mesylate or rasagiline tartrate. The crystalline
rasagiline base may be dissolved in a solvent and reacted with
an acid to form a pharmaceutically acceptable acid addition
salt. The crystallization of rasagiline base could provide

additional purification of the acid addition salt.



120 g of rasagiline nesylate were dissolved in 700 mM of deionized water.
400 m of toluene were added and the m xture was basified wth 25% NaCOH

solution to a pH of about 14. After stirring, tw phases separated. The

| ower water 10 phase was extracted with 200nl of toluene. The phases were
allowed to separate and the aqueous phase was di scarded. The two tol uenic
extractions were conbi ned and the solvent 5 was distilled under vacuum The
yield of rasagiline base was 88.5 g of a yellowish oil with a nelting point
of below 20C. 25.1 g of the liquid rasagiline base was sanpl ed. The sanple
10 was m xed with ethanol and the solvent was distilled under vacuum 22.6g
of the rasagiatenesbhsei rieyi ddepftant ore fupantaht acyetdcwirdhtde| of eami ned

after the ethangl eV%BQEﬁS& 1&;*16 rgﬁ%ﬁ'nldhgﬁt baseeeaeeiglfprm&ﬁéwl nedlgn

oi | forn1for a nunber of weeks, ot crystallize sgontaneously
Exanpl e 2 - fPEBRLRTLIY o‘?rarlas%fﬁ‘iﬂqsﬁélﬁ‘é%e B?’“%t;ﬂ“}etst'l nlg‘pﬁﬁa extiactPon. 155 g
of rasagilime tadtiate, pprepacad iesdentinglrkytiast 20iglesdesbesd | nwherS.  Pat ent

5,532,418 e&am&fa&%g a&%e?io &dé)kfmarc%§€-g&$1 n@omlt%%s pr&@gggglﬁ%
Sol ve

described in exanpl e

tol uene wer &353%ed Yo %Fﬁﬁ T ﬂ?‘? d’n*eng F?r% %%Fglﬁ}\%spr}?ﬂaf:?%l%ﬁ h 25%
NaOH sol uti eampesigighsofhebpit 1o4 gnduirebitted inowdsSC i RleAfired. sférri ng,
two phases waxepﬁe%pafoabegltﬂaaﬁ If@\ﬁercra\ﬁé&erm@magammﬁst%ttriaﬁgeaaﬁw’sece with

300 m of t ealy 4 Th C wer i.ned_and e aqueous
94H§W. % g?gﬁ lf%op%gé é%ﬁ% %ds. eE§§Hyaes og s&gh

phase was di scar de ‘
10 transdermal compositions include ointments, creams and

patches.

Transdermal Formulations and Transdermal Patches
Transdermal patches are medicated adhesive patches placed on
15 the skin to deliver a time-released dose of medication
through the skin and into the bloodstream. A wide variety of
pharmaceuticals can Dbe delivered through transdermal
patches, such as nicotine for smoking cessation, scopolamine
for motion sickness, estrogen for menopause and prevention
20 of osteoporesis, nitroglycerin for angina, lidocaine for
pain relief from shingles. Some pharmaceuticals must be
combined with other substances, such as alcohol, to increase
their ability to penetrate the skin. Molecules of insulin,
and many other pharmaceuticals; however, are too large to
25 pass through the skin. Transdermal patches have several
important components, including a liner to protect the patch
during storage, the drug, adhesive, a membrane (to control
release of the drug from the reservoir), and a backing to
protect the patch from the outer environment. The two most

30 common types of transdermal patches are matrix and reservoir

types. (“Transdermal Patches”, Wikipedia, November 15, 2007,
Wikipedia Foundation, Inc., December 13, 2007
<http://en.wikipedia.org/wiki/Transdermal patch>; and

Remington, The Science and Practice of Pharmacy, 20

35 Edition, 2000)

In reservoir type patches, a drug is combined with a non-
volatile, inert liquid, such as mineral oil, whereas drug in



The conbi ned organi ¢ phase was washed with 200 m of deionized water. Then
the solvent was distilled under vacuum and 50 ml i sopropanol were added to
the resulting residue. The solvent was renoved by vacuum and additional 50
m 35 isopropanol were added and then renoved by vacuum 100 g of
syrup-like liquid rasagiline base were formed. 11 Exanple 3 - Splitting
and spontaneous crystallization fromwater. 15 g of rasagiline nesyl ate
were dissolved in 150 M water 5 while stirring. The solution was cooled to
5C and 25%aaGH soipgt irrichas addedg sliewldyspgxasdngint e ddkefivhiidhe bat ch

t enper at ur ﬁ{&%h@i@t@lg}ﬁgr %&%@nséhaag 2Gey19eldd v@E?Pi&'pB@%ﬁ\&rb was

observed af reaching a pH . After reaching a t he NaOH
addi ti on wAShRYFBpEALlyHets, 1(§ul‘58t é‘ﬁ \R/ﬁéy%"cqbﬁlFéBe%l Iaéec&élefinﬁof 5P1dne hour

and filterege J&l@hf idd r@tac@n dar ageedadnqui skahr;a,eyﬂne:hsohdnnpr oot ) was

washed with wat nt er and drjed " of solid
dried rasagrf]féint‘? eﬁr&as l$/1\5eurge tht‘tfgf%d PCLFhé f y| el %m%gﬁg’l f)alef:ﬁe frel ting
poi nt of theteswehdioves ded3®@-3ilAed to be 38.2 - 38.4C. Exanple 4 - Melt
crystallization 20 6 g of rasagiline base liquid in syrup-like form from
exanple 1, after toluenic evaporation were dissolved in 20 m of

i sopr opanofhe THeisel kifiéha el efaporarederifla MarMIMLERIDatli ushhg a

rotating evapanhaterpader bZopdady \befcwulm WREh | E&{Hﬂrateorsoér\&ﬁm:efﬁnbval
The residue was_.then dj ss addft 20 . of gopr%)anol and

the evapor®td off \Wls a?é‘ﬁ%af%dtrafﬁg FI&%]ul?rur?g roégl uteloélrsyéflalofl Zed
spont aneougisruat rigem tkeirpesatfae abheér caubkew facues. dimg sddliidecyystal | i ne
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Systems for Transdermal Drug Delivery Products," Drug Delivery)

Rasagiline may also be used in combination with other drugs in
a transdermal patch, such as levodopa, L-carbidopa,
benserazide, ladostigil, pentahydric alcohol, hexahydric

alcohol, or riluzole.
Experimental Details

Example 1 - Isolation of rasagiline base by splitting and

extraction.

Rasagiline mesylate was prepared essentially as described in
U.S Patent 5,532,415 example 6B, with the exception that the
tartrate salt was split by addition of NaOH, and the rasagiline
free base was isolated as an oil. The mesylate salt was then

formed by addition of methanesulfonic acid.

120 g of rasagiline mesylate were dissolved in 700 ml of
deionized water. 400 ml of toluene were added and the mixture
was basified with 25% NaOH solution to a pH of about 14. After

stirring, two phases separated. The lower water



12 stirred while cooling for about 30 mnutes and was filtered. The
filtration proceeded quickly, and the solid product was dried to constant
mass under vacuum 5 2.15 g of solid crystalline rasagiline were attained,
with a yield of 89.6% Analysis: Chronmatographic purity by HPLC -100%
Assay by HPLC - 99.0% 10 Exanple 6 - Addition of water to rasagiline
ethanolic solution. 3 g of rasagiline base fromexanple 1 were dissolved in
5 m 15 of ethanol. The solution was stirred at roomtenperature and 4.5 ni
of water were added. No precipitation ggcurred. The resulting solution was
cooled, and at 12C precipitation of a white nmaterial was observed. The

m Xt ure was pbest edad cextOGcteti wield a0omhisf tesipehat uraef phadés nver,e and
filtered. 2 it ' r.age i-cKkl T olyi uct was washed
with water g%ﬂtg‘ﬁeeé o ¢ gﬁr)égar}deoﬁgg g}?"fg&d“%ﬁﬁggrg@%sc%ﬁ’%g é#%tza%’%gf' solid
crystalline rasagiline were attained, with a yield of 90.0% 25 Analysis:

Chr omat ogr ahe ctpar t¢ludni cHRx€radOD8s Agsay doynobHREC and 00h®%soBxarnpl e 7 -
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rasagiline se fromexample 1 re.dissolved in 10 i SOpr ap
the sol uti oggy\isgstogr raedyn%lor"%(?ﬁftoéﬂrpé‘?l ure. PR SORAL & \F/)\%e?]!?wadded. No
preci pitati h ®ccurred. The resulting solution was cool ed, and at 17C

25.1 g of the liquid rasagiline base was sampled. The sample
10 was mixed with ethanocl and the solvent was distilled under
vacuum. 22.6g of the rasagiline base residue, in the form of
a yellowish o0il remained after the ethanol evaporation. The
rasagiline base in o0il form remained in oil form for a
number of weeks, and did not crystallize spontaneously.

15
Example 2 - Isolation of rasagiline base by splitting and

extraction.

155 g of rasagiline tartrate, prepared essentially as

20 described in U.S. Patent 5,532,415 example 6B, and 20 g of
rasagiline mesylate, prepared as described in example 1,
were dissolved in 800 ml of water. 400 ml of toluene were
added to the solution and the mixture was basified with 25%
NaOH solution to a pH of about 14 and heated to 45%5°C.

25
After stirring, two phases were separated. The lower water
phase was extracted twice with 300 ml of toluene at 45+5°C,
The organic phases were combined and the aqueous phase was
discarded.

30

The combined organic phase was washed with 200 ml of
deionized water. Then the solvent was distilled under wvacuum
and 50 ml isopropanol were added to the resulting residue.
The solvent was removed by vacuum and additional 50 ml
35 isopropanol were added and then removed by vacuum. 100 g of

syrup-like liquid rasagiline base were formed.



35 precipitation of white material was observed. 20 ml of deionized water
were added to the m xture and the m xture was further cooled to -0C,

stirred at this tenperature for 30 mn, and filtered. 13 The filtration
proceeded quickly. The solid product was washed with water on the filter

and dried under vacuum 5.96 g of solid crystalline rasagiline were
attained, with a 5yield of 72. 7% Analysis: Chromatographic purity by HPLC
-100% Assay by HPLC - 99.7% 10 Exanple 8 - Addition of water to rasagiline
i sopropanolic solution. Crop A 148 g oftirasagiline base (48.0 g from
exanple 1, and 100.0 g 15 from exanple 2) were dissolved in 180 m of

i sopr opanol .ExgmpleoButi diwlidsicoobed sworltACeansl 25Pstdlldfzadébonifzed wat er
wer e added af;tkhis tenperature. The solution was cooled to 10C and seeded
with solid rasagiline base. Imediate crystallizati on was observed. 100 m
of water were then 20 added to the m xture. The m xture was cooled to 1C
stirred at tl§i 9 énpesavitiend oreBOapenvand didstodved. ifhéSg8ohl dwaasr washed

onI tge f sl t?hlretbtﬁﬁgn@ | @Bew@&ﬁﬁtlaitﬁ?wdl’sl g&lou&decro \@@Uﬁ% 25/113%}9 %hgf
SOl | crysta ne rasagil wer.e al pe W 0 0
LSRRG, " 3Ra0 B B el il S eRe. 2858

mel ting p0|nt ' Gh o 56n capl?lary
Anal ysi s: Cﬁﬁ@ﬁ%ﬁ%ﬂ?ﬁ&phﬁ@spuﬂ@ﬂ9t®yﬂ¢¢%ibelr@©96 ﬂssapdbyS cC. SOlid
precipitation was observed after reaching a pH of 7.5. After
reaching a pH of 11, the NaOH additiocn was stopped, the
10 batch was stirred while cooling for one hour and filtered.
The filtration proceeded quickly. The sclid product was

washed with water on the filter and dried under vacuum.

8.8 g of solid dried rasagiline base were attained. The
15 yield was 91.6%. The melting point of the solid was
determined to be 38.2 - 38.4°C.

Example 4 - Melt crystallization

20 6 g of rasagiline base liquid in syrup-like form, from
example 1, after toluenic evaporation were dissolved in 20
ml of isopropanol. The solution was evaporated in a warm
water bath using a rotating evaporator under 12 mbar vacuum
until complete solvent removal. The residue was then
25 dissolved 1in an additional 20ml of isopropanol and the
evaporation was repeated. The resulting residue crystallized
spontaneously at room temperature after a few hours. The
solid crystalline residue was determined to be rasagiline
base. 5.2 g of the solid crystalline base were attained. The

30 yield was gquantitative.

Example 5 - Addition of rasagiline ethanolic solution to

water

35 2.4 g of rasagiline base from example 1 were dissolved in
2.4 g of ethanol. The solution was added dropwise to 5 ml of
cold (0-5°C) water while stirring, and a white precipitate

was formed during the addition. The resulting mixture was



30HPLC - 98.5% Crop Ei The nother |iquor and washing |iquor fromcrop A
were conbi ned, and solid product precipitated fromthe m xture. 35
Yel | owi sh material was separated by filtration and dried under vacuum 14
with a yield of 1.0% Di scussion The solid crystalline rasagiline base
whi ch was synthesized 5 in exanples 3-8 was found to be of high purity. The
sane nelting point value (41C by differential scanning calorinmetry (DSC) or
38 - 39C in an open capillary) was neasured for all batches of the
crystalline rasagiline base. 10 Low | eygls of volatiles (water and residual
solvents) were found by Karl Fischer (KF) and by thernogravinetric analysis
(TGA) net hodsirdéd sm'lrldi @a&pﬂqgt hrlr abyst add iMl@ueasagid ivae Faseeksa not

hygroscopi ¢, 15.& é@géy e,k venfgﬂ%kgﬁ m?suquﬁﬂl %§I¥H§€IM£;e in

pol ar and non po ar-or an C SO acetone acet at e,
t ol uene, dléfh?ﬁ'%%ﬁ@PStﬂﬁb%&ﬁé Uﬁ@%ﬁﬁﬁ“&#ﬂ n- heptane. 20 Al batches of
solid rasagiline base were found highly crystalline by powder X-ray

d'ffractg?gﬁ(egg& AL 5k SRLdad, sERaLacl anliatl 6o XA REQUI L By T ansT er oy

I nfrared | atterns repro e narrow nelting range an
show t he sai® p Fc conposition of all 25 experinental batches from
exanpl es 3-8. The crystal formwas designated as Form|. The X- Ray

Di ffracti onpggguiidazgent-sed Sci Bt AG y uppwden odi f f nackomes.er nodel
X TRA, ijﬁy'glgﬁaﬁ O%éecm VR P

10
Example 6 - Addition of water to rasagiline ethanolic

solution.

3 g of rasagiline base from example 1 were dissolved in 5 ml
15 of ethanol. The solution was stirred at room temperature and
4.5 ml of water were added. No precipitation occurred. The
resulting solution was cocled, and at 12°C precipitation of
a white material was observed. The mixture was cooled to
~0°C, stirred at this temperature for 30 min, and filtered.
20 The filtration proceeded quickly. The solid product was
washed with water on the filter and was dried under vacuum.

2.72 g of solid crystalline rasagiline were attained, with a
yield of 90.0%.

25 Analysis: Chromatographic purity by HPLC ~100%, Assay by
HPLC ~ 100.0%.

Example 7 - Addition of rasagiline isopropanolic solution to

water.

30
8.2 g of rasagiline base from example 1 were dissolved in 10

ml of isopropanol and the solution was stirred at room
temperature. 14 ml of water were added. No precipitation
occurred. The resulting solution was cooled, and at 17°C
35 precipitation of white material was observed. 20 ml of
deionized water were added to the mixture and the mixture
was further cooled to ~0°C, stirred at this temperature for

30 min, and filtered.



Sampl e holder: a round standard al um num sanpl e holder with round zero
background quartz plate with cavity of 25 (dianeter)*0.5 (dept.) mm
Scanni ng paraneters: Range: 2-40 degrees two-theta. 35 Scan node:

Conti nuous scan Step size: 0.05 deg. Rate: 5 deg./mn. 15 The peaks of a

sanpl e prepared according to Exanple 4 are |isted bel ow. The nost
characteristic peaks are listed in bold. Forml| 13.5 12.6 16.9 20.3 20.9

25.4 26.4
13

The filtration proceeded quickly. The solid product was
washed with water on the filter and dried under vacuum.
5.96 g of solid crystalline rasagiline were attained, with a

5 vyield of 72.7%.

Analysis: Chromatographic purity by HPLC ~100%, Assay by

HPLC - 99.7%
10 Example 8 - Addition of water to rasagiline isopropanolic
solution.

Crop A
148 g of rasagiline base (48.0 g from example 1, and 100.0 g
15 from example 2) were dissolved in 180 ml of isopropanol. The
solution was cooled to 17°C and 252 ml of deionized water
were added at this temperature. The solution was cooled to
10°C and seeded with solid rasagiline base. Immediate
crystallization was observed. 100 ml of water were then
20 added to the mixture. The mixture was cooled to 1°C, stirred
at this temperature for 30 min and filtered. The solid was
washed on the filter with 200 ml of water and dried under

vacuum.

25 138.9 g of solid, crystalline rasagiline were attained, with
a yield of 93.8%. The melting point in an open capillary was

determined to be 39.0-39.2°C.

Analysis: Chromatographic purity by HPLC ~100%, Assay by
30 HPLC - 98.5%.

Crop B

The mother 1liquor and washing liquor from crop A were

combined, and solid product precipitated from the mixture.
35 Yellowish material was separated by filtration and dried

under vacuum.

1.5 c¢f solid, crystalline rasagiline base were attained,



28.3 5 FTIR anal ysis of the sanples was performed as follows: Equi pnent:
Perkin El mer Spectrum One FT-1R Spectroneter S/ N 58001. Par anet er s:
The sanples were studied in DRIFT node. Al the 10 spectra were neasured in
16 scans. Resolution: 4.0 cm1. Al sanples of solid rasagiline base
prepared in this study appear as white crystalline powder (with the
exception of Crop B fromexanple which was isolated as a yell ow sh 15
powder.) M croscopic observation shows that the crystallization conditions
strongly affect the particle size and aprphol ogy. Seeded crystallization
provi des | arge regul ar non-aggregated crystals whil e spontaneous
precipitati eathesutitead ba farymti on of small aggregated 20 particles. The
difference in the particle norphology is not related to pol ynorphism The
nor phol ogy and particle size of the crystalline rasagiline base fromthe
exanpl es abgw&< wn in the 25 table bel ow. The norphol ogy and particle

Si ze was defreensokdd byrystal bse®pt£soideheabhod. whilth Beanplyathesized
5 in examples 3-8 was found to be of high purity.

The same melting point wvalue (41°C by differential scanning
calorimetry (DSC) or 38 - 39°C in an open capillary) was
measured for all batches of the crystalline rasagiline base.
10 Low levels of volatiles (water and residual solvents) were
found by Karl Fischer (KF) and by thermogravimetric analysis
{(TGA) methods. This indicated that crystalline rasagiline

base is not hygroscopic.

15 Crystalline rasagiline base was found freely soluble in
polar and non-polar organic solvents - alcohols, acetone,
ethyl acetate, toluene, diethyl ether, dioxane, hexane and

n-heptane.

20 All batches of solid rasagiline base were found highly
crystalline by powder X-ray diffraction (XRD} and DSC
method. Characteristic XRD and Fourier Transfer Infrared
(FTIR) patterns and reproducible narrow melting range and
enthalpy show the same polymorphic composition of all

25 experimental batches from examples 3-8. The crystal form was

designated as Form I.

The X-Ray Diffraction equipment used was a Scintag X-Ray
powder diffractometer model X’TRA, Cu-tube, solid state

30 detector.
Sample holder: a round standard aluminum sample holder with

round zero Dbackground quartz plate with cavity of 25
(diameter)*0.5 (dept.) mm.
Scanning parameters: Range: 2-40 degrees two-theta.
35 Scan mode: Continuous scan
Step size: 0.05 degq.
Rate: 5 deg./min.



Mor phol ogy Particle Size Range (pn) 4 Irregular particles 250-1000 5 Snall
rods 5-50 6 Rods 30-150 7 Small|l aggregated rods 5-50 8

15

The peaks of a sample prepared according to Example 4 are
listed below. The most characteristic peaks are listed in

bold.

Form 1
8.5
12.6
I6.1
16.9
20.3

FTIR analysis of the samples was performed as follows:
Equipment: Perkin Elmer Spectrum One FT-IR Spectrometer S/N

58001.

Parameters:
10 spectra were measured in 16 scans. Resolution: 4.0 cm™.

The samples were studied in DRIFT mode. All the

All samples of solid rasagiline base prepared in this study
appear as white crystalline powder (with the exception of
Crop B from example which was isolated as a yellowish

15 powder.) Microscopic observation shows that the
crystallization conditions strongly affect the particle size
and morphology. Seeded <crystallization provides large
regular non—-aggregated crystals while spontaneous

precipitation resulted in formation of small aggregated
20 particles. The difference in the particle morphology 1is not

related to polymorphism.

crystalline
in the

The morphology and particle size of the
rasagiline base from the examples above is shown
25 table below. The morphology and particle size was determined

by microscopic observation.



Rods 250-2000 Starting Materials for Exanples 9, 10 and 11: (1) Wet
Rasagiline Hem Tartrate containing -10-15%residual solvent and 0.7 %
S-isoner. (2) Racem cPAl base, oil, PAl content - 94% by HPLC. Exanple 9 -
Splitting and Precipitation fromisopropanol -water, seeded enul sion
crystallization. 70.0g of Rasagiline Tartrate salt (1) suspended in 320mnil
dei oni zed water at stirring. The suspension heated to 45C and 31mlL of 25%
NaOH sol ution was added with 160 ni Tbfuene. The mixture was stirred and
the resul t gEREnARUT ST ORo ¥R 156T 11 €d. TWo phasesanei@eSspad &kade The [jower
aqueous phase (pH=13-[14) was di scarded. The ugger t ol ueni ¢ phase was| washed
with 100 dei oni zed| water at 45C and settl ¢ Lomer aqueous phase |( pH=9-
10) was digcarded. Tofuesyulasoparttiionesas evaa@ﬁ@ﬂé@ounder vacuumin
evapor at or —after—the St jycnascvapUIQL;UH cofplet+on—50—nt—tsoproparol was
added to tRe residue [an evapor ation was_continued. After conpl etion of the
evaporatiof 25 m of Rs@propanol was added an@0dixtilled out under tlhe sane
condi ti onsg i 1705 ggi)égciilgegf-}odgibe (33-5g)- was dissofved 11 41 ni

i sopropanal. 17 water was by portions |in 2hr at coaoling and
stirring. [Puring the BeR tion of water oily pfetidPate was formed. |The
resul ting emutstom of oit T water was stirred at 1-3C for one hour, no

crystallizatlon was observed. 5
Starting Materials for Examples 9, 10 and 11:

(1) Wet Rasagiline Hemi Tartrate containing ~10-15% residual

solvent and 0.7 % S-isomer.

(2) Racemic PAI base, oil, PAI content - 94% by HPLC.

Example 9 - Splitting and Precipitation from isopropanol-water,

seeded emulsion crystallization.

70.0g of Rasagiline Tartrate salt (1) suspended in 320ml
deionized water at stirring. The suspension heated to 45°C and
31lml of 25% NaOH solution was added with 160 ml Toluene. The
mixture was stirred and the resulting emulsion was settled. Two
phases were separated. The lower aqueous phase (pH=13-14) was
discarded. The upper toluenic phase was washed with 100 ml
deionized water at 45°C and settled. Lower aqueous phase (pH=9-

10) was discarded.

Toluenic solution was evaporated under vacuum in evaporator,
after the solvent evaporation completion 50 ml isopropancl was

added to the residue and evaporation was continued.

After completion of the evaporation 25 ml of isopropanol was

added and distilled out under the same conditions.

The residue, o0il of R-PAI base (33.9g), was dissolved in 41 ml

isopropanol.

The solution was cooled to 15°C and 58 ml of deionized



The batch was seeded with crystalline Rasagiline base at 1- 3C and

i mredi ate exothermc crystallization took place. 50 mMl of water was added
to the resulting slurry to inprove stirrability and flowability. The batch
was stirred for 10 additional 30 mnutes and filtered. The solid was washed
with water and dried at roomtenperature under vacuum 31.5g of solid
dry R PAl base were attained, with a yield of 92% on oil base. Figure 11 is
a mcrograph of this 15 rasagiline base. Analysis: Melting point (by DSC) -
40.8C, S-isomer by HPLC 0.02% Purity hy HPLC - 100% Assay by HPLC - 98%
20 Exanple 10 - Splitting and Precipitation fromisopropanol water, seeded
crystal |l i zatwaarrf wam soded itgn posapbopainol Mat er. cd00ikg afd Baldagihgne

Tartrate (1 S e in. 4 i oni » wad9 uene was
added and( 4?“\%%% t&gg%ﬁﬁl\g%aiggl ﬁt’g i g%tégsguﬂrf P‘l’fé‘“’ﬁ%@g@fgst %rgr F% rg{gl?he
m xture was Heatr&dUt b EMUYSPPedt a1 5@ MEteI5VAT nil'i’e%reéinétsgt‘?f%d at

t hi s t enper &tour ene 3oumo nphasestaklrizagdpar ad € thbsEreedower aqueous phase

(pH=13- %4) was discarded, the upper toluenic phase was washed with 140 n
The resultin settled,, and two phases were

dei oni zed er enul si on ,

separ at ed. W%&f@ Pahe? m&&&?eghaééh(ﬁw%frﬁgfnﬁa aﬂ?%‘c]df‘(?e%f‘s?h%ttﬁ ueni c
sol ution was®85ar¢apuratiad curderheatimmiystevdporatay .tock8pAkter Eonpl etion
01;1 t he evap&aanomaiggm¥ﬁ@f aio@_@gr Q@ar&:e vxaﬁslga@%sg amdr%l% Zuil Legdrowd under

t he sane condiLtl ans.. e.residu 11 o - ase . , S
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with water and dried at room temperature under vacuum.

31.5g of solid dry R-PAI base were attained, with a yield of

92% on o0il base. Figure 11 1is a micrograph of this

15 rasagiline base,

Analysis: Melting point (by DSC) - 40.8°C, S-isomer by HPLC
0.02%, Purity by HPLC - 100%, Assay by HPLC - 98%.

20 Example 10 - Splitting and Precipitation from isopropanol-
water, seeded crystallization from solution isopropanol-

water.

100.0g of Rasagiline Tartrate (1) was suspended in 458 ml
25 deionized water, 229ml Toluene was added and 46 ml of 25%
NaOH solution was introduced at stirring. The mixture was
heated to 45°C, stirred at 45C for 15 minutes and settled

at this temperature.

30 Two phases were separated. The lower aqueous phase (pH=13-
14) was discarded, the upper toluenic phase was washed with
140 ml deionized water. The resulting emulsion was settled,
and two phases were separated. The lower aqueocus phase
{(pH=9-10) was discarded, the toluenic solution was

35 evaporated under vacuum in evaporator.

After the solvent evaporation completion 60 ml isopropancl
was added to the residue and evaporation was continued.



10 During the addition of water precipitation devel opnent was observed and
the batch was i medi ately seeded with crystalline R PAl base. The
resul ti ng suspension was cooled to 2C, stirred at this 15 tenperature
overnight and filtered. The solid was washed with water and dried at room

t enper at ure under vacuum 48. 1g of Solid dry R PAl base were attained,
wth a yield of 96% on oil base. Figure 12 is a mcrograph of this 20
rasagil i ne base. Analysis: Melting point (by DSC) - 41.3C, S-isoner by HPLC
0.01% Purity by HPLC - 100% Assay by;$PLC - 96% 25 Exanple 11 - Racemc
PAl base crystallization (AF-8026) precipitation fromisopropanol -water.
51.0g of racem c PAI base oi | (2) di ssolved in 50 m isopropanol. The

sol vent was ?h%EIlkﬁ t of % %gogy%%§¥55¥%qug§r yaﬁyuqu rg%gggfator

The residue I Sopropano st and cool ed.

di'sso
156t of - qERBridARs ARt ARSLIRSIEHTb YRGB (TS SaTR SARASELA0! | ng. and
stirring. During the 35 addition of water oily precipitate was formed. The

bat ch vas s epdef wid %ﬁtak'ﬂaﬂ@m'?%%% 'lu@e4&ﬁ8%a§%l% ¥gbad!ligzad on was

observed. 19 The resulting enulsion of oil in water was stirred at 3C for
1 hour, no Bfysi4PZ8PLon was observed. The batch was crystallized
spont aneously during stirring 5 overnight at 1C The solid was filtered,

but during the ééi&trlasw %sl tekegantho 1@ett an&\t 10908 henper abie dhe solid
pr oduct conpleteky Ege ied on the f| ggr n coollg& anges Egﬁ{al was
1

sanpled bef%ﬁ%?ﬁtu?s FAGE dtipl et §n 1

During the addltlon of water precipitation development was
observed and the batch was 1immediately seeded with

crystalline R-PAI base.

The resulting suspension was cooled to 2°C, stirred at this
15 temperature overnight and filtered. The solid was washed

with water and dried at room temperature under vacuum.

48.1g of Solid dry R-PAI base were attained, with a yield of
96% on o0il base. Figure 12 1is a micrograph of this

Gl

20 rasagiline base.

Analysis: Melting point (by DSC) - 41.3°C, S-isomer by HPLC
0.01%, Purity by HPLC - 100%, Assay by HPLC - 96%

25 Example 11 - Racemic PAI base crystallization (AF-8026)

precipitation from isopropanol-water.

51.0g of racemic PAI base o0il (2) disscolved in 50 ml
isopropanol. The solvent was distilled out of the solution

30 under wvacuum at evaporator.

The residue (49.49) was dissolved in 60 ml isopropanol,
stirred and cooled. 156 ml of deionized water was added by
portions Iin 3hr at cooling and stirring. During the
35 addition of water oily precipitate was formed. The batch
was seeded with crystalline Rasagiline base, no

crystallization was observed.



Anal ysis: S-isoner by HPLC 49.4% Assay by HPLC - 87% Di scussion Exanples
9, 10 and 11 presented above show that the ability 15 to crystallize at
roomtenperature is an intrinsic property of pure Rasagiline base
(R-isomer). Racem c PAl base exists at roomtenperature only in liquid
form its nelting point being between 1 and 18C (Exanple 11). 20 The

Exanpl es al so show that crystallization of Rasagiline base contam nated
with S-isomer provides significant purification of the crystallized
product. Starting material containing @97% of S-isoner was processed into
solid crystalline Rasagiline base with only 0.01-0.02% of S- 25 isoner.
Exanpl es 9, Th@ a@dulﬂl@¢3émudummnthﬁ SANE itr eddekrnwRar skckeedi 2€ dfct he

crystallizedpr Qdyg‘%rda%g\é\@%g%g%% qohn RL eVl d %%egxanpl es. The sl ow seeded

crystalli zation at provi des hi gher particle size of
Rasagi | i ne base than emnul sion cr ystal I [ zat| on at 1-3C (Exanple 10). 20
What i s cl arhed dazchl.wdar ystadtddlnid zRA+)sdnpaopati ghyl - duaimaoishdaning@. The
crystall gne R ) ; hhpr opar gy 1- %ﬁ@”@bﬂ%“@é‘@agh%ﬁé&“ %&@a&@ﬁrggf'@ﬁéj by a

powder X—ra¥2d|ffract|on attern havin

20.3, 20.9, raktyating At higgasgts f“ﬁlHeg?geﬁo‘T%tet"W&r&tuéezthe so1id

product completely liquefied on the filter in 1-2 min.

The material was sampled before the melting completion.

10 .
Analysis: S-isomer by HPLC 49.4%, Assay by HPLC - 87%.

Discussion
Examples 9, 10 and 11 presented above show that the ability

15 to crystallize at room temperature is an intrinsic property
of pure Rasagiline base (R-isomer). Racemic PAI base exists
at room temperature only in liquid form, its melting point

being between 1 and 18°C (Example 11).

20 The Examples also show that crystallization of Rasagiline
base contaminated with S-isomer provides significant
purification of the crystallized product. Starting material
containing 0.7% of S-isomer was processed into solid
crystalline Rasagiline base with only 0.01-0.02% of 8-

25 isomer.

Examples 2, 10 and 11 also show the same trend in Particle
Size of the crystallized product as was described in
previous Examples. The slow seeded crystallization at 10-
30 1e°C (Example 9) provides higher particle size of
Rasagiline base than emulsion crystallization at 1-3°C

(Example 10).



3. The crystalline rasagiline base according to anyone of clains 1-2 being
characterized by a nelting point of 38-39C when determ ned in an open
capillary or 41C when determ ned by differential scanning calorinmetry. 4. A
phar maceuti cal comnposition conprising crystalline R(+)-N-propargyl-1-

am noi ndan of any of clains 1-3 and a,pharmaceutically acceptable carrier.
5. The pharnmaceutical conposition of %(Pai m 4 formul ated for transdernal
application or in the formof a transdernial patch. 6. A process for

manuf acture of crystalline R(+)-N propargyl-1-am noindan cornprising: a.
dissolving a salt of R(+)-N-propargyl-1-am noindan in water to forma

sol uti on;whht isc@aimedisai d solution to a tenperature of 0-15C c.

basi fying said solution to a pH of 11 to forma suspension; and d.

obtaining said crystalline rasagiline R(+)-N propargyl-1-anninoindan from
t he suspg\wﬁ%ﬁt?f g-%—,pmg%@#-ag]lg?l 8?" wherein the crystalline
R(+) - N-propargyl-1- am noindan is of enhanced optical purity relative to

the R(F) -#mfeomgﬁmﬂnelmﬂrmwm?w-%hﬂﬁoih@aﬂbvataahl1j ZRhiaeferiz@d Wy Ar ocess
for manufacture of crystalline R(+)-N-propar g{l- 1- am noi ndan_ conpri si ng:
21 a. oloxyderngray fdiffractient gatiee havingi beakst af Befui #2.6. 16.1, 16.9, 20.3,

R(+)-N- prz‘boé”z%(&‘%.&”&ﬁl?b@%ﬁﬂgeegpeesctw&hs{ael y £vaporating the solvent from

the first 6rgani’c solution un vacuumto Torma residue; c. dissolving

the residue_in a second organic solvent to forma second. or i ¢ solution;
3. The crystal?ine rasa&ﬁne base accordltng {o anyone of claims 91"‘2 Bemg

characterized by a melting point of 38-39°C when determined in an open capillary

or 41°C when determined by differential scanning calorimetry.

4. A pharmaceutical composition comprising crystalline R(+)-N-propargyl-1-

aminoindan of any of claims 1-3 and a pharmaceutically acceptable carrier.

5. The pharmaceutical composition of claim 4 formulated for transdermal

application or in the form of a transdermal patch.

6. A process for manufacture of crystalline R(+)-N-propargyl-1-aminoindan

comprising:

a. dissolving a salt of R(+)-N-propargyl-1-aminoindan in water to form a
solution;

b. cooling said solution to a temperature of 0-15°C;

c. basifying said solution to a pH of 11 to form a suspension; and

d. obtaining said crystalline rasagiline R(+)-N-propargyl-1-aminoindan from

the suspension.

7. The process of claim 6, wherein the crystalline R(+)-N-propargyl-1-
aminoindan is of enhanced optical purity relative to the R(+)-N-propargyl-1-

aminoindan prior to crystallization.

8. A process for manufacture of crystalline R(+)-N-propargyl-1-aminoindan

comprising:



d. conpletely evaporating the second organic solvent fromthe second
organi ¢ solution under vacuumto forma second residue; and e. naintaining
the second residue at a tenperature between 0 and 25C to formcrystalline
R(+) - N-propargyl-1-am noi ndan. 9. The process of claim8 wherein the
organi ¢ sol vent and the second organiﬁ solvent are the sanme and are both

al cohol s or wherein the organic sol ve { and the second organi ¢ solvent are
i sopropanol . 10. The process of claim8 or 9, wherein the crystalline

R(+) - N- pr opar gy.l-.1-annoei [ ' : I nhape ical
purity relat io\%g] i\g%&&em %glgggﬁgo;f/ﬂgq@ﬁgﬁ?nNOPﬁ%rﬁsﬁg@Pfgﬁﬁﬁgna%,
crystal |l izat icompldigély Avaparatisg thersoieemd ffearh ithe fost orgesti@lsioiuton under

R(+) - N- propar -l-anm noi pdan conprising: a. obtaining a solution of
R(+) - N- pr‘%éﬂf’gi//tjl?-fjl?f’&rﬂ f5ifFan in a water-sol ubl e organic solvent; b

conbi ni ng; t heyissehingi A8 rekitite WRtaesécond - or§ At isbBrehtdiodfondl altseednd orda@icneen O
and 20C to formcrystalline R(+)-Npropargyl 1-am noi ndan; and . isolating

the cryst¥lUtioRe R(+)- N- propargyl-1-am noi ndan. 12. The process of claim 11

ol ai m 12 e Fa et e Aoy TR SeiicPeoksadferf AL shobn B Xt ure

of et handdolution uhgervaonan @ fomd 4 seddif resices ard of any one of claims 11-13,
wherein the crystalline RH N propa;ﬁgyl 1-am noi ndan i s of enhanced optical

purity r et atimanteipingbe Reegndneesidyp At g tempesatuigobatyern Pr ansk 2p°¢ to form
crystall '&?sttélm'R(+)-N-propargyl-1 -aminoindan.

9. The process of claim 8 wherein the organic solvent and the second organic solvent
are the same and are both alcohols or wherein the organic solvent and the second

organic solvent are isopropanol.

10. The process of claim 8 or 9, wherein the crystalline R(+)-N-propargyl-1-aminoindan
formed in step e) is of enhanced optical purity relative to the R(+)-N-propargyl-1-

aminoindan prior to crystallization.

11. A process for manufacture of crystalline R(+)-N-propargyl-1-aminoindan comprising:
a. obtaining a solution of R(+)-N-propargyl-1-aminoindan in a water-soluble organic
solvent;

b.  combining the solution with water;

c. cooling said solution to between 0 and 20°C to form crystalline R(+)-N-propargyl-
1-aminoindan; and

d. isolating the crystalline R(+)-N-propargyl-1-aminoindan.
12. The process of claim 11 wherein the water-soluble organic solvent is an alcohol.

13. The process of claim 12 wherein said alcohol is either ethanol or isopropanol or a

mixture of ethanol and isopropanol.

14. The process of any one of claims 11-13, wherein the crystalline R(+)-N-propargyl-
1-aminoindan is of enhanced optical purity relative to the R(+)-N-propargyl-1-aminoindan

prior to crystallization.



