WO 2012/ 058219PCT/ US2011/ 057698 1 DEUTERI UM ENRI CHED RASAG LI NE Thi s
application clainms priority of U S. Provisional Application No.

561/ 406, ™M0,20f2dsexi9Cct ober 26, 2010, the entire content pofi/uskeiaisicss her eby
i ncorporated by reference herein. Throughout this application various
publ i cations, published patentapplications,and patentsarereferenced. The

di scl osures of these docunents in their entireties are hereby 10

i ncorporated by reference into this application in order to nore fully
describe the state of the art to which this invention pertains. Background
of the Invention 15United. . Stat Pa 5, 5,387,612,

5,453, 446, 5, 457,133, 5, 595G i&@?.kgﬁgéﬂﬁg,uv*,vhu, - 668, 181,

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

R(+) - N- PHopaFgy i SR E L o dan PEEREPA 95 BiSso TRASWA A8 488giFRAES™ At it s
uses. Rasagid,7ne, nesyé@t e@cidbear gyg 2Q 0t akhet ensiconpenedal | yr aviaidrable for
t he treatnept,of idiopathgc Par ki nson! s di sease as AZI LECT(r) from Teva
Phar mac&thT ¢al 8P iUt e 8Y LI S (PECati™Fikva, Israel) and H. Lundbeck A/S
(Copenhagen, Denmark). 25 WD 2012/058219PCT/ US2011/ 057698

Throughout this application wvarious publications, published

iE

patent applications, and patents are referenced. The
disclosures of these documents in their entireties are hereby
10 incorporated by reference into this application in order to
more fully describe the state of the art to which this

invention pertains.

Background of the Invention

15 United States Patent Nos. 5,532,415, 5,387,612, 5,453,440,
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
disclose R (+)-N-propargyl-l-aminoindan (“R-PAI”), also known
as rasagiline, and its uses. Rasagiline mesylate in a 1 mg

20 tablet is commercially available for the treatment of
idiopathic  Parkinson's disease as AZILECT® from Teva
Pharmaceuticals Industries Ltd. (Petach Tikva, Israel) and H.

Lundbeck A/S (Copenhagen, Denmark).

25



- 2 - Summary of the Invention The subject invention provides a deuterium
enri ched conpound having the structure: 5 or a pharmaceutically
accept ablwo=aiz0ssi1er eof , wherein R1-R3 are i ndependent | PCHUSROID05 A%
wherein at |east one of RI-R3 is deut&i-umenriched. 10 Thesubjectinvention
al so provi desa pharmaceutical conposition conprising the deuteriumenriched
conpoungy,figsey | bedeher BhvenPiol Pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier. 15 The subject invention further
provi debha muktere ofnantigastprowidesf er edtuideutwr i anrenhedhedbrgeampolinds,
each c ound aving the structure: 20 or pharmaceutically acceptable
salts thereot, t g?% CRIZR3 are i ndependently H or deuteriumenriched. The
subj ect invention yet further provides a pharnmaceutical conposition
conprising the_m xture described herein, or a 25
pharnaceutlor Eﬁfﬁptablesaltthereof,anda pharmaceutically acceptabl e

0

carrier. W), 58219PCT/ US2011/ 057698
R1\\‘ , N R2
H Rs

or a pharmaceutically acceptable salt thereof, wherein Ri-Rs
are independently H or D, and wherein at least one of Ri-Rs is

deuterium enriched.

10
The subject invention also provides a pharmaceutical
composition comprising the deuterium enriched compound
described herein, or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier.

15

The subject invention further provides a mixture of at least
two different deuterium enriched compounds, each compound

having the structure:

20 or pharmaceutically acceptable salts thereof, wherein R:-Rs are

independently H or deuterium enriched.

The subject invention yet further provides a pharmaceutical
composition comprising the mixture described herein, or a
25 pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.



3 - The subject invention yet further provides a nmethod of treating a

neur odegener ati ve disorder in a subject in need thereof, the nethod

conpri si nyoperzossiigal | y adm nistering to 5 the subject POTASed1M57698
therapeutically effective amount of -a 3dlosage form conprising as an active

i ngredi ent the deuteriumenriched conpound descri bed herein, or a

phar maceutically acceptable salt thereof, thereby to effectively treat the
subj ect. 10 The subject invention yet further provides a method of reducing
the ratBhof progeessi onvehtPanki pson' udiiseasepirpvanesar by staged of

Par ki nson' s di sease patient, the net hoog. conprisi.ng periodi cgl I}/

admi ni steFT hy'9 o “an B4t PYC It Rge PAY ki H56H '$15 di'sehs & Updficent *An &fSunt  of
t he deutiesian® enihehetk caipoubtpdesehibed hiefEidu110F adphat paseuhycald y
acceptabl e salt thereof, effective to reduce the rate of progression of

Par Ri nso? s stPgease 6F PAgdear | Yhetapgeu Paekt hiofiseditsdasepatitentt 20 The
subj ect 41 ti y .t provide -RJ.OC e e ti.on of a
deut or i Ut i1 Ghed combaurd Favi g t h atriet ool 25 Hheran R 1e D
and R2 amdi ®3edr ecomaepehdettd gr Hbeat Dyetdien,pr acess caipmmsiaegit ia)aldact i ng
WO 2012{!1 05821 PlCeT/ USSaZLOtlllt 57698 -

ccepta ereot, %héreby to effectively treat the
subject.
10
The subject invention vyet further provides a method of
reducing the rate of progression of Parkinson's disease in an
early stage Parkinson's disease patient, the method comprising
periodically administering to an early stage Parkinson's
15 disease patient an amount of the deuterium enriched compound
described herein, or a pharmaceutically acceptable salt

thereof, effective to reduce the rate of progression of

Parkinson's disease of the early stage Parkinson's disease

patient.

20
The subject invention yet further provides a process for the
preparation of a deuterium enriched compound having the
structure:

25

wherein R; is D and R, and R; are independently H or D,
the process comprising:

a) reacting



with Li ALID4 in the presence of a solvent to obtain b) converting 5 10 to
obtain racem c N-propargyl am noindan; and c) separating the racemc

N- pr opar gw0 2arevoseiindan usi ng a chiral separation net hodPCo/usheidion7edhe
conmpound. WD 2012/ 058219PCT/ US2011/057698 - 5 - Detail ed Description of
the Invention The subject invention provides a deuteriumenriched conpound
havi ng the structure: 5 Q_phar maceutical ly acceptable salt thereof,
wherein R1-R3 are independ or D, and wherein at |east one of R1-R3
is deuteriumenriched. 10 | gnbodi nent of the deuteriumenriched
conpound or a pharmaceutically acgeptable salt thereof, Rl is deuterium

enri ched, and. each. of and R3 is H ,
with LlAlD;z%n g%e presence of a solvent to obtain

D OH ;

b) converting

5 D OH

to obtain racemic N-propargyl aminoindan; and
c) separating the racemic N-propargyl aminoindan using a

chiral separation method to obtain the compound.

10



15 I n anot her enbodi nent of the deuteriumenriched conpound or a

phar maceutically acceptable salt thereof, RL is H and each of R2 and R3 is

deut er i urweroi2oiseni9 In yet anot her enbodi nent of thePd&iSeritosicenri ched

conmpound 20 or a pharnmaceutically accéptable salt thereof, each of Rl, R2

and R3 is deuteriumenriched. In yet another enbodi nent of the deuterium

enr i chegl €AY NSk & r Fpo PIGH NBE LR CRIVInBLESEPt abl e salt thereof, the at

| east 25 one of RL-R3 is deuteriumenriched to have an isotopic purity of

at | easthd 0%610JRMOCL20R/<0B82LOPCTH1US204 1/ 057898 1181 - epnechbEdRIARPAusd

deuteriﬁn1enri hed to have an isotopic purity of at |east 50% In yet

anot her &hbddi Went S of "t he“Yeut eri um enri ched conpound 5 or a

pharmaceutically acceptable salt thereof, the at |east one of RI-R3 is

deuteriumenriched to have an isotopic purity of at least 70% In yet

anot her enbagi e of the deuteriumenriched conpound 10 or a

phar maceut i dg eptabl e salt thereof, the at |least one of RI-R3 is

deuterium enr ed\to have an isotopic purity of at |least 90% In yet

anot her enbodi néht Naf Rae deuterium enriched conpound 15 or a

pharmaceutical |y lcceptabl e salt thereof, the at |east one of RI-R3 is

deut eri um enri ched to\pave an isotopic purity of at |east 95% In yet

another enbodi nent of\ he deuterium enriched conpound, 20 the conpound in

the formof free base. In yet another enbodi nent of the deuteriumenriched

conpound, the conpound is in the formof a pharnmaceutically acceptable

sal t, wher ai nohdenphasteeeuly cakkypacoept add et sahtries rsel et edh 25rf M t he

group consisting of citrate, nmesylate, maleate, malate, funmarate, tannate,

tartratere esyfarerdptbl ielestil Ponate "B&rifoat &t At dt eORPhospRatis, i6xal at e

and sul fate. salt s.n30-hdyyet another enbodi ment of the deuteriumenriched

conpound, t%e conpound 1s in the formof a nesylate salt or a citrate salt.
10

In an embodiment of the deuterium enriched compound or a
pharmaceutically acceptable salt thereof, R; 1s deuterium

enriched, and each of R; and Rz is H.

15 In another embodiment of the deuterium enriched compound or a
pharmaceutically acceptable salt thereof, R; is H, and each of

R, and Rz 1s deuterium enriched.

In yet another embodiment of the deuterium enriched compound
20 or a pharmaceutically acceptable salt thereof, each of Ri, Ry

and Rs; is deuterium enriched.

In yet another embodiment of the deuterium enriched compound
or a pharmaceutically acceptable salt thereof, the at least
25 one of Ri-R3 is deuterium enriched to have an isotopic purity

of at least 10%.

In yet another embodiment of the deuterium enriched compound

or a pharmaceutically acceptable salt thereof, the at least



WD 2012/ 058219PCT/ US2011/ 057698 - 7 - Thesubjectinvention al so providesa
phar maceuti cal conposition conprising the deuteriumenriched conpound
descri bedwbepeiasg2ior a pharnaceuti cal |y accept abl e sal t PCharse@fi/osmogl a
pharmaceutically acceptable carrier.-% The subject invention further
provides a m xture of at |least two different deuteriumenriched conpounds,

each cogpoupd Raving; L hE-SLEVCHLHN €nrit@cll Rarimceyti Gablysaccentabl e

salts thereof, wherein RI-R3 are independently H or deuteriumenriched. In
an enbodf nentlefst held xture, at |east one of the at | east two deuterium
enriched conmpounds has the structure: 15\ or pharnaceutically acceptable
salts thereof. In another enbodi nent of the m xture, at |east one of the at

| east tmo geut errdtneanr éahed: eompounds Haasdd e sttickHEF@chd0 cdMpound
pharmaceutical ly acceptable salts thereof. WD 2012/058219PCT/ US2011/ 057698
- 82 | yét RinotMereEnbott henf CEEPERB LRI x@akle, tRETPRASt Wit Bf tUfe =t

least tyo. dgut @rLRm £0r jehed, coPeuRdsHas L6, S{LUSLULeotopic purity

of at least 70%.

In yet another embodiment of the deuterium enriched compound
10 or a pharmaceutically acceptable salt thereof, the at least
one of Ri-Rs is deuterium enriched to have an isotopic purity

of at least 90%.

In yet another embodiment of the deuterium enriched compound
15 or a pharmaceutically acceptable salt thereof, the at least
one of Ri-Rs is deuterium enriched to have an isotopic purity

of at least 95%.

In yet another embodiment of the deuterium enriched compound,

20 the compound in the form of free base.

In yet another embodiment of the deuterium enriched compound,
the compound is in the form of a pharmaceutically acceptable
salt, wherein the pharmaceutically acceptable salt is selected
25 from the group consisting of citrate, mesylate, maleate,
malate, fumarate, tannate, tartrate, esylate, P-
toluenesulfonate, benzoate, acetate, phosphate, oxalate and

sulfate salts.

30 In yet another embodiment of the deuterium enriched compound,
the compound is in the form of a mesylate salt or a citrate

salt.



or pharmaceutically acceptable salts thereof. 5 The subject invention yet
further provides a pharnaceutical conposition conprising the mxture

descri bedwbepeiasg2ior a pharnaceuti cal |y accept abl e sal t PCharse@fi/osmogl a
pharmaceutically acceptable carrier.-I0 -The subject invention yet further
provi des a nmethod of treating a neurodegenerative disorder in a subject in
need thereof o phe det had ,comrissi ngiper i odi-gal hysadnd ni shening4a ithe
subject 1n need a therapeutically effective anount of a 15 dosage form
conpri s¢trgpeasi ancact icvedmigriedi entthehe deuterium ergicheted onpourdund
described herein, or_a.pharnmaceutically acceptab salt thereof, thereby to
i fect (yeTy Tieh Prectlbrect 20 |RPaRmErBHT dent of "EREPEBERGH, THE

ther apegitié €abty eid ectpivermnpunti @il hesbasecdiwren @frther deuteri um enriched
conmpound is 0.2-2.5 ng per day. I n anot her enbodi nent of the nethod, the
t hePapeutically 25 effective anpunt of the base formof the deuterium
enrich o] - i p : not. i nenty of ..t he
mot hod,  The TRorapeat el Ty o1 Sct (e BRoUAt of Tt he Base formet the

deut er i uwo enti Check80 ctepounidin s dnmigelpet daympoldls, each compound
2012/ 058219PCT/ US2011/ 057698 9 - In yet another enbodi nent of the method,
the thel@pEld i caf IS 61FettTve anount of the base formof the deuterium
enriched conmpound is 2 ng per In yet anot her enbodi ment of the

nmet hod, the dosage formis an age form In yet anot her

enbodi ment of the nethod, the~dgsagg/formis a 10 transdermal patch. In yet
anot her enbodi ment of the method, rifhe negrodegenerative disorder is

sel ected fromthe group consistingkg rkinson's di sease, Restless Legs
Syndrone, Miltiple System Atrophy, 15 Rs

Pr ogr essi veSupr anucl ear Pal sy, d aucona, Micul ar

Degener ati on, Heari ngl oss, Retini ti sPi gnentosa, and
10 or pharmaceutically acceptable salts thereof, wherein R:-Rs are

»'

independently H or deuterium enriched.

In an embodiment of the mixture, at least one of the at least

two deuterium enriched compounds has the structure:

or pharmaceutically acceptable salts thereof.

In another embodiment of the mixture, at least one of the at

least two deuterium enriched compounds has the structure:

or pharmaceutically acceptable salts thereof.



A factory Dysfunction. In yet another enbodi ment of the nethod, the
neur odegener ati ve 20di sorder is Parkinson's di sease. The subject invention
yet furthwoproossrdes a net hod of reducing the rate of pPOFNSIGILO6760$

Par ki nson' s di sease in an early stage ®at ki nson's di sease patient, the

met hod conprising 25 periodically admnistering to an early stage

Par ki nsgn’ s di 8638RPakheBLIARNAMOUNt, Of {Ner dRUL o4t Um:eRr ehed qorpaund
descri bed herein, or a pharnaceutically acceptable salt thereof, effective
to reducke léest ateo ofeprogresséon. ofeParkipesonis ldisedse of rideuearly stage
Par ki nson' s di sease 30patient. e subject invention yet further provides a
process for the preparation o erium enriched conpound having the
structure: WD 2012/ 058219PCT 057698 - 10 - r wherein Rl is D and
R2 and R3 are independently H o he process conprising: 5 d)reacting o
with Li AID4 in the presence of a sol_l|,{)d 40 obtain

\

or pharmaceutically acceptable salts thereof.

5
The subject invention yet further provides a pharmaceutical
composition comprising the mixture described herein, or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

10

The subject invention vyet further provides a method of
treating a neurodegenerative disorder in a subject in need
thereof, the method comprising periodically administering to
the subject in need a therapeutically effective amount of a
15 dosage form comprising as an active ingredient the deuterium
enriched compound described herein, or a pharmaceutically
acceptable salt thereof, thereby to effectively treat the

subject.

20 In an embodiment of the method, the therapeutically effective
amount of the base form of the deuterium enriched compound is

0.2-2.5 mg per day.

In another embodiment of the method, the therapeutically
25 effective amount of the base form of the deuterium enriched

compound is 0.5 mg per day.

In yet another embodiment of the method, the therapeutically
effective amount of the base form of the deuterium enriched

30 compound is 1 mg per day.



e) converting 10 to obtain racemc N-propargyl am noindan; and f)
separating the racem c N propargyl am noindan using a chiral separation
nmet hod t ovokzbeiosszibe conpound. 15 I n an enbodi nent of tIR€TAISOEEHST698 N St ep
a), the solvent is diethyl ether. In &hother enbodi nent of the process,
step b) conprises steps of: 20 i) reacting triethyl amne with

4-ni trobenzene-1-sul fonyl chloride in the presence of a first solvent to

obtain WD 2012/ 058219PCT/ US2011/ 057698 - 11 - NOR; ii) reacting
In yet another embodiment of the method, the therapeutically

effective amount of the base form of the deuterium enriched

compound is 2 mg per day.

In yet another embodiment of the method, the dosage form is an

oral dosage form.

In yet another embodiment of the method, the dosage form is a

10 transdermal patch.

In yet another embodiment of the method, the neurodegenerative
disorder is selected from the group consisting of Parkinson's
disease, Restless Legs Syndrome, Multiple System Atrophy,
15 Progregsive Supranuclear Palsy, Glaucoma, Macular
Degeneration, Hearing loss, Retinitis Pigmentosa, and

Olfactory Dysfunction.

In yet another embodiment of the method, the neurodegenerative

20 disorder 1s Parkinson's disease.

The subject invention vyet further provides a method of
reducing the rate of progression of Parkinson's disease in an
early stage Parkinson's disease patient, the method comprising
25 periodically administering to an early stage Parkinson's
disease patient an amount of the deuterium enriched compound
described herein, or a pharmaceutically acceptable salt
thereof, effective to reduce the rate of progression of
Parkinson's disease of the early stage Parkinson's disease

30 patient.

The subject invention yet further provides a process for the
preparation of a deuterium enriched compound having the

structure:



in the presence of a second solvent to obtain 5 N2 ; and 1iii) reacting

NC2

with an organic acid in the presence of a third sol vent

10t o obt awvo 20ee08831@¢ N- pr opar gyl am noi ndan. | n an enbodiPegniS2afi/os1ees
process,
third solvent is DMF. WD 2012/ 058219PCT/ US2011/ 057698

10

15

20

each of the first solvent andOthe second solvent is DCM and the

wherein R; is D and R, and R; are independently H or D,

the process comprising:

d)

reacting

CR

(6]

with LiAlDs; in the presence of a solvent to obtain

D OH

.
r

converting

D OH

to obtain racemic N-propargyl aminoindan; and
separating the racemic N-propargyl aminoindan using a

chiral separation method to obtain the compound.

In an embodiment of the process, in step a), the solvent is

diethyl ether.

In another embodiment of the process, step b) comprises steps

of:

i)

reacting triethyl amine with 4-nitrobenzene-l-sulfonyl

chloride in the presence of a first solvent to obtain



- 12 - In another enbodi nent of the process, in step iii) the organic is

2- mer capt oacetic acid. In yet another enbodi nent of the process, step
b) conpriwesoB#ses of: i) reacting wi t h dippharsgé11/057698
phosphorazedate and DBU in the presenté of 10a first solvent to obtain N3;
ii) reacting with hydrogen gas in the presence of a second

sol vent and 15a cat acb<st do obtain N-12; and 1iii) reacting R3

iy

ii) reacting

Q\y/p
N/
/

in the presence of a second solvent to obtain

D OH with

NO,
\
/\
)
5 // ; and
iii) reacting
NO,
o\\\S
N/“\b

with an organic acid in the presence of a third solvent

10 to obtain racemic N-propargyl aminoindan.

In an embodiment of the process, each of the first solvent and

the second solvent i1s DCM and the third solvent is DMF.



..... , 7 Nl-12 with DBU and no

WO 2012/058219 PCT/US2011/057698
— 1 2 —
In another embodiment of the process, in step iii) the organic

is 2-mercaptoacetic acid.

In yet another embodiment of the process, step b) comprises
5 steps of:

i) reacting

with diphenyl phosphorazedate and DBU in the presence of

10 a first solvent to obtain

D Ny

r

ii) reacting

D Ng
with hydrogen gas in the presence of a second solvent and

15 a catalyst to obtain

D NHZ; and

iii) reacting

Ro —_—

D NH with DBU and TsO in the
presence of a third solvent to obtain racemic N-propargyl

20 aminoindan.



in the presence of a third solvent to obtain racem c N propargyl WO
2012/ 058219PCT/ US2011/ 057698 - 13 - In yet another enbodi nent of the
process, wachi2fssitbe first and third solvent is THF andPChaSs@aosmIsol vent
is MeOH. In yet anot her enbodi menfi3of the process, in step ii) the 5
catalyst is Pd/C. In yet another enbodi nent of the process, the chiral
separ at},0nget hod, s, SFGO5 chifal BT apal abiyes EPLCJnrcoibi paLi on it h
SFC. 10 The subject invention yet further provides a process for the
prepar atndntioir@a sohpeoundi halingandetlst reetone: solléentr as phe@iaceutical ly
acceptable salt thereof, wherein RL is Hand R2 and R3 are independently H
or D, and wherein at | east one of R2 and R3 is deuteriumenriched, the

Pr ocessICORRH ShNGthd) lLaciding et byl fHoOpbebatesw tin LisAERA iD) t ke

presence of R3
5 catalyst is Pd/C.

In yet another embodiment of the ©process, the chiral
separation method 1is SFC or chiral preparative HPLC in
combination with SFC.

10
The subject invention yet further provides a process for the

preparation of a compound having the structure:

15 or a pharmaceutically acceptable salt thereof, wherein R; is H
and R; and Rs are independently H or D, and wherein at least
one of Ry, and Rs is deuterium enriched,

the process comprising:

a) reacting methyl propiolate with LiAlD, in the presence of
Rs
Ro~ ’ -
20 a first solvent to obtain HO ;
b) reacting
Rs
R, -
HO

with TsCl and a base in the presence of a second solvent
Rj

Ro [—

to obtain TsO ; and



20a first solvent to obtain HO b) reacting R3 HOwith TsCl and a base in
the presence of a second sol vent R3
WO 2012/058219 PCT/US2011/057698
— 14 —

c) reacting

TsO
with (R)-l-aminoindan in the presence of a third solvent

to obtain the compound.

In an embodiment of the process, in step b) the base is solid

KOH.

In another embodiment of the process, each of the first and

10 second solvent is ethyl ether and the third solvent is THF.

Deuterium (D or 2H) 1is a stable, non-radicactive isotope of
hydrogen and has an atomic weight of 2.0144. Hydrogen atom in
a compound naturally occurs as a mixture of the isotopes 1H
15 (hydrogen or protium), D (2H or deuterium), and T (3H or
tritium). The natural abundance of deuterium is 0.0156%. Thus,
a compound with a level of deuterium at any site of hydrogen
atom in the compound that has been enriched to be greater than
its natural abundance of 0.0156%, 1s novel over 1its non-

20 enriched counterpart.

As used herein, a “deuterium-enriched” compound means that the
abundance of deuterium at any relevant site of the compound is
more than the abundance of deuterium naturally occurring at
25 that site in an amount of the compound. A relevant site in a
compound as used above is a site which would be designated as
“H” in a chemical structure representation of the compound
when not deuterium-enriched. Naturally occurring as used above
refers to the abundance of deuterium which would be present at
30 a relevant site in a compound 1f the compound was prepared
without any affirmative step to enrich the abundance of

deuterium. Thus, in a "deuterium-enriched” compound, the



to obtain ; and WD 2012/ 058219PCT/ US2011/ 057698 - 14 - C)reacting R3
R2,7 TsO with (R)-1-am noindan in the presence of a third solvent to obtain
t he conpowoadni2psszivan enbodi nent of the process, in stepCh)useoig/obmse is
solid KOH I n anot her enbodi nent5of the process, each of the first
and 10 second solvent is ethyl ether and the third solvent is THF.

DGUteriéﬁﬂﬁ&%ﬁ%ezgg Béu%e§ﬁﬁgl%t @Qﬁfnﬁ§i9@§t£¥fe%§9E0@§t@E can range
from more than 0.0156% to 100%. Examples of ways to obtain a
deuterium-enriched compound are exchanging hydrogen with
deuterium or synthesizing the compound with deuterium-enriched

5 starting materials.

Obtaining 100% deuteration at any relevant site of a compound
in an amount of milligram or greater can be difficult.
Therefore, it 1is understood that some percentage of hydrogen
10 may still be present, even though a deuterium atom 1is
specifically shown in a chemical structure. Thus, when a
chemical structure contains a “D”, the compound represented by

the structure is deuterium-enriched at the site represented by

“D”.
15
A characteristic of a compound refers to any quality that a
compound exhibits, e.g., peaks or retention times, as
determined by 1H nuclear magnetic spectroscopy, mass
spectroscopy, infrared, ultraviolet or fluorescence
20 spectrophotometry, gas chromatography, thin layer
chromatography, high performance ligquid chromatography,

elemental analysis, Ames test, dissolution, stability and any
other quality that can be determined by an analytical method.
Once the characteristics of a compound are known, the
25 information can be used to, for example, screen or test for

the presence of the compound in a sample.

As used herein, a "pharmaceutically acceptable" carrier or
excipient 1s one that is suitable for use with humans and/or
30 animals without undue adverse side effects (such as toxicity,
irritation, and allergic response) commensurate with a

reasonable benefit/risk ratio.



hydrogen and has an atom c wei ght of 2.0144. Hydrogen atomin a conpound
naturally occurs as a mxture of the isotopes 1H 15 (hydrogen or protium,
D (2H or weubervissaryp, and T (3H or tritium. The natural pabarsdeanos’608
deuteriumis 0.0156% Thus, a conpoundowrth a | evel of deuterium at any
site of hydrogen atomin the conpound that has been enriched to be greater

than itg ﬂ?ﬁé‘fﬁécé@%‘ﬂé@ﬂ?? QéchQzlé@gq shscnoyel queriitgonony 2f1enriched
counterpart. As used herelin, a "deuteriumenriched” "conpound neans that the
abundance ofthdeut deiitaratedny cmimevants si herefint he tonpoddd | sifpreg,han

t he abundanJ(c)e of deuteri um nat uLaIIy occurri n% at ﬁS that site in _an anount
as

of the Bonpotnd. A'PeléVant sTTeTH a CofSSG 488* hbbve 4 A KiYe

whi ch wesl thbe, degigpatedeas1tbhata, a pbagbeak, st nueture ,r eprespHaatd on of
t he conpound when not deuteriumenriched. Naturally occurring as used above
ref érs ©%2the® abutitfanceSwifdfeut erfamtSvhi cH Woul d-se pres@raati Bo a of

rel eva héﬁn&céﬁ‘t&&P@P“%@ok&t&%@eco@&%d diREERAT %%]ﬂ‘éé hoyt any,e
affirmative step to enrich the abundance of deuterium us, in a
"deut ercompemdghed” tbenpoverdtithe tWe 20dR¥ 05824 9PLT/ US20:ECASA698 th 15 -

abundance of, deuterium at an f its relevant_sites can range.from nore
than 0. O1B66EE0 T E00%%C Eanplos i RAGESTECoBtal R & Hedths unb eRFTEhel

conpoung, @ &n exshanghaeh hysdr ogen wi t h deuteri um or synt hesi zi ng t he
corlr%ound with deuteriumenriched 5 starting materials.
As used herein, “drug substance” refers to the active
ingredient in a drug product, which provides pharmacological
activity or other direct effect in the diagnosis, cure,
mitigation, treatment, or prevention of disease, or to affect

15 the structure or any function of the body of man or animals.

As used herein, “drug product” refers to the finished dosage
form containing the drug substance as well as at least one
pharmaceutically acceptable carrier.
20
As used herein, an “isolated” compound is a compound separated
by an affirmative act from the crude reaction mixture in which
the compound was first formed. The separation of the compound
is from the other known components of the c¢rude reaction
25 mixture, with some impurities, unknown side products and
residual amounts of the other known components of the crude
reaction mixture permitted to remain. Purification is an

example of an affirmative act of isolation.

30 As used herein, a composition that is “free” of a chemical
entity means that the composition contains, if at all, an
amount of the chemical entity which <cannot be avoided
following an affirmative act intended to eliminate the

presence of chemical entity in the composition.



ot ai ni ng 100% deuteration at any relevant site of a conmpound in an anount
of mlligramor greater can be difficult. Therefore, it is understood that
sonme per ceotapassfiohydrogen 10 may still be present, eveaTiusouglosmos
deuteriumatomis specifically show iifi a chem cal structure. Thus, when a
chem cal structure contains a "D', the conpound represented by the
structure is deuteriumenriched at the site represented by 15 A
characteristic of a conpound refers to any quality that a conpound
exhi bi t&s eugedpéeaksior retteimtilon vt ivestiasy detefer metdobyesdsnusirebrctranet i ¢
spectroscopy, nass..spectr.oscopy,infrared, ultraviol etorfl uorescence 0l
Jégscﬁfgﬁhtoép

spect r ophot oHEt Y, S5RYCRI nl AYér CFit ot bgr aphy, - HitgH &2

per f or nedei ti6wié d (ehgomategiaphyurel eqent ahmanatysi $o A®s {esknd to
di ssolution, stability and any other quality that can be determ ned by an
anaPyt i €22t nBrheEt enfeUthe ithrHct@IBI1S oFSh ebAp6Ed 98P knAME L &t he 25

| nf or MRt 0 eaRebe Eed gy fOr EXATPL £on SCEAAN O 65E £0E e B enence of

the conpound in a s used herein, a "pharnaceutically acceptable"
carriersworh exbipi emteyi ssareldfmte | shsuicbablie ibas uses wilthg hpmadsicand/sor 30

ani mal s wi thout undue adverse side effects (suc s toxicity, irritation,
ol T O o e S o P & SR B A h e | A B o
WO 20124 068219PCTLES2024/,08¥698 of stability testing for finished

10 pharmaceuticals are codified in 21 C.F.R $§211.166, the entire

content of which is hereby incorporated by reference.

As used herein, a “neurodegenerative disorder” is a disorder
in which progressive 1loss of neurons occurs either in the
15 peripheral nervous system or in the central nervous system.
Non-limiting examples of neurodegenerative disorders include
Parkinson's disease, Restless Legs Syndrome, Multiple System
Atrophy (MSA), Progressive Supranuclear Palsy (PSP), Glaucoma,
Macular Degeneration, Hearing loss, Retinitis Pigmentosa, and

20 Olfactory Dysfunction.

As used herein, Y“Yabout” in the context of a numerical value or

range means 110% of the numerical value or range recited or

claimed.

25
A dosage unit may comprise a single compound or mixtures of
compounds thereof. A dosage unit can be prepared for oral
dosage forms, such as tablets, capsules, pills, powders, and
granules.

30

R(+)PAI or deuterated compounds (deuterated R(+)PAI) disclosed
herein may be obtained by optical resolution of racemic
mixtures of R and S-enantiomer of N-propargyl-l-aminoindan

(PAT) . Such a resolution <can be accomplished by any



- 16 - A "pharmaceutically acceptable salt" of rasagiline, as well as of
t he deut erated conpounds herein,includes citrate,

mesyl at e, wal2eetsgaral at e, f unarat e, t annate,tartrate, esyl C&/US2011/057698
p-tol uenesul fonate, benzoate, acetatel8phosphate, 5 oxalate and sulfate
salts. For the preparation of pharnaceutically acceptable acid addition

sal ts ofothe, CompoUNdss 9fut hen | AYeRLionyctheyxhpge hase ¢andhe reacted; with
the desired acids in the presence of a suitable solvent by conventi onal

net hodsin 1oh&sausedshehekrn, thdsegdssbstiarce'inr éfers tionehes adtdomates

i ngr edi n u [,0 uct i ch rov de ar_.maco ic act i or

of ber irbereaft BELTRR" CETll o TR OF) PBh Rl P
prevent j&tn Qﬁlﬂweassm@r Noyatfe@MlSthees;bmeburQh@r raa@mfulﬂi@tm emof the

body of man or aninmals. As used herein, "drug product” refers to the
f i ni°shef dosHgel Fbr MidonPai npﬁgpﬁﬁétélf*fﬁg shbstrahesrasliel P1 as* attligast one

phar maceyt i gal | ¥, accept é‘?éﬁﬁé‘réke& s%@t?ﬁl%s‘i@sg%‘%h%n 2 e hlosoliat &gle

conpound 1s a conpound separated by an affirmative act fromthe cr
reacti ofiomxtuee ph \dnaehetrr@@n@aumnwuﬂmswithsta fcdrzn@dL Jbed sepahatason of
t he conpound is fro he ot her _known ¢q one s _of t rude reaction 25

mi xt ur e- 2 Tht Somé™d rith ldﬁkn&ﬁ/r]l 6?1%%?% TG WU afbunt s

of the gohhes krwzrwonp%nueﬂlts ak thg- g&ee91rea;céu@ﬂnén xt ureL pardatted to
remain. Purification is an exanpl e of an affirmative act of isolation. 30

As lisedr ey es el bi 2onposi ticont $hibdte s thier edtaptereeheni ealsadit i § rdens

that th t 0 if at all, an amount of the chemical entity
whi ch c(gen%o %Zéa%/rgél‘]%{e:d&?%l owi ng an affirmtive act intended to elininate

the presence of chemical entity in the conposition. WO
2012/ 058219PCT/ US2011/ 057698 -_17 - A$ used herein, "stability testing"
refers 16t &SECENdUEE BT &t SHechf | &1F mei nEBRUAFSRRGS vt oGédnviiBnifént al

condi ti9RSpA L@, » & &TPErad urge andidunm did yud o gpe id1@nd te  racemic
15 mixture of PAI can also be prepared by reacting l-chloroindan
or l-bromoindan with propargylamine. Alternatively, this
racemate may be prepared by reacting propargylamine with 1-
indanone to form the corresponding imine, followed Dby
reduction of the carbon-nitrogen double bond of the imine with

20 a suitable agent, such as sodium borohydride.

Rasagiline or deuterated compounds disclosed herein may be
prepared as pharmaceutical compositions particularly wuseful
for treating: Parkinson's disease, brain ischemia, head trauma
25 injury, spinal trauma injury, neurotrauma, neurodegenerative
disease, neurotoxic injury, nerve damage, dementia,
Alzheimer's type dementia, senile dementia, depression, memory
disorders, hyperactive syndrome, attention deficit disorder,
multiple sclerosis, schizophrenia, and/or affective illness,
30 but with a reduced risk of peripheral MAQO inhibition that is
typically associated with administration of rasagiline with

known oral dosage forms.



5 what extent a drug product degrades over its designated shelf life tine.
The specific conditions and tinme of the tests are such that they accelerate
t he condiwpDane/tskBm9dr ug product i s expected to encount ePCoONSRO110S768hel
|ife. For exanple, detailed requirenremnts-of stability testing for finished
10 pharmaceuticals are codified in 21 C F.R 211.166, the entire content of
whi ch [ Sodef by LOcAReLaled By [l nente:) A HsedohehebNcalricrs and
"neur odegenerative disorder” is a disorder i'n which progressive |oss of
neur onsemzcmx@n@isthleau mayh@elﬁqw iphefatmnervousraystiearge ifrrivse ocdent r al
nervous, ;s stem N% m ting exanpl es of. . neurode ener.ath/e di 50 deé%

i ncl ude"'Par REASGA™s ]d?veeréts]e REST| 655 Teds “aynardne, "Rt 1p1 ef &yst Y-

At r ophye (MEA) 96 r @gr essd wien Supr anugl eassikah syctPSP), Gaaucomaacﬂ\vﬁcqﬂea;
Degeneration, Hearing |loss, Retinitis Pignmentosa, and 20 A factory
Dysﬁunc%n%ncomﬁo%%lo%%réi)ﬁ ma kpagt GOPAIENEOEBAt BRELHL & n (st iRkl Sardl ue or
range MEaRs, 1036 of atbe pulteriipal: valug: orerange. | ecihed e ClAmRl,; 25

dosage unit nmay conprise a singlé conpoun m xt ures o conpoun
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tabl ets ul es [1ls and granul e 30 R(+ terated
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resol ut (pnewd rfacem ecm xtar es of 1Rsand S- enaydi omer 18t roduction
N pr opar gy1l- 1- am noi ndan (PAI). Such a resol ution can be acconpli shed by

any0 \/\@12@11@&@)@81231%/&9523@@1/ bs7Be8 2nd gEdigdnpent ] dnal / r &sBldtem et hod,
wel | knﬂw e in as cr 4
"Enant i oner%gc%agleén% es an %%sfol 6??&3& S(gﬁla‘ll{aCP%kggfglﬁjﬁ%o C:C}?rﬁ% r%g S.
Wl en, PabtodohpaW ! eys8) Sondyahc¥s, 1m9®harl¥warce®xamalle Sdike degs olDutviian may

5 be carried out by re arative chr omat ogr aphy on chiral col um. Another
exanpl €° %‘?g 'St abl g%l ut iFORSFet hod"T%: 1 he %‘%?ﬁhtl on®6¥ 28r&St er ddireri ¢

sal ts Wit R &hit aba BCEE; SHEDS asozaﬁt ar by i ARG derapdel ieReid RindY acetyl
derivatives of am no acids, such as N—acetyl I'euci ne, followed by 10

r eéﬁysté&imqa%aﬁc@nntl@wsom% er t &9 astiéq@@mm Podalmergic t Beatlesysed R

enanti [ race m xt ur o S enantiomers PAI

prepar e am.la(.:eutl e%nc(r:?%e%fyel n g5/ 1{11%1 ° The Cirag&zqm CCH M3 el}J>r/1:e afl PAI
can al sgcb@flcpég,par edehyeseactismg 1l-chheroi ndﬁfGlQTlt]y br orrmdndan widdn)
propargyl am ne. Alternatively, this racemate may be prepared by reactl ng

pr opar gyt &PideS W t Fe- 4 - P?ﬁﬁéﬁ‘éiﬁét?ocﬁéfiﬁ?fﬁﬁe g@@ﬁé‘?ﬁ&ﬁd@n@ﬂ%%“ﬁf%ﬂ ‘owed
by redugtion 9fat heeCanRonid agen dauhle.dond;of the iing Wdihang,

20 Ed., 1993); Drug Delivery to the Gastrointestinal Tract (Ellis
Horwood Books in the Biological Sciences. Series in
Pharmaceutical Technology; J. G. Hardy, S. S. Davig, Clive G.
Wilson, Eds.): Modern Pharmaceutics Drugs and the
Pharmaceutical Sciences, Vol 40 (Gilbert S. Banker,

25 Christopher T. Rhodes, Eds.).

Tablets may contain suitable binders, lubricants,
disintegrating agents, coloring agents, flavoring agents,
flow-inducing agents, melting agents, stabilizing agents,
30 solubilizing agents, antioxidants, buffering agent, chelating
agents, fillers and plasticizers. For instance, for oral
administration in the dosage unit form of a tablet or capsule,
the active drug component can be combined with an oral, non-

toxic, pharmaceutically acceptable, inert carrier such as



20 a suitable agent, such as sodi um borohydride. Rasagiline or deuterated
conpounds di scl osed herein may be prepared as pharnmaceutical conpositions
parti cul awbyoiessg2b for treating: Parkinson's disease, pcaius201305mnsa, head
trauma 25 injury, spinal trauma injurgp neurotraunma, neurodegenerative

di sease, neurotoxic injury, nerve danmage, denentia, Al zheinmer's type

dement i g1 sen | e;dgrentdia, Hepression, OB ¥sdi Sanden s uhY REAGHME
syndrome, attention deficit disorder, mltiple scler05|s schi zophreni a,

and/ or @dl@cmmve Bbﬂﬁege, BOMmHDNHQE»a.redubedO&»sk @hqﬁaoqﬂﬁﬂaﬂlwWK)

inhibitio is_t ally, associ th.ad nlstratlon of rasa |I|ne
i th krioun"bF a1 do¥abe o ml N S0ro1 5821 1087508 <15

Speci f i ge Bxap) esla)ifumar rmfgetﬂs C@'u'CYI aeeeptabhe @@.ﬁ@e;s e eXci pirent s
that may be used to fornulate oral dosage forns of the present invention
ar e 2deseYi Herlt 1 @. gums | AUCL SASPAEACKG: 61 E26C968 N 0 OPeSIN VBt AdIIingtSsued
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in the present |nvent|o are-descri , int | I 'ow ng
referemes: thdvderke .Phanmiceuticcss Chapleds 9aandriOc (Bamker & urlzodes,

Edi t 9); Ph t Do F Tabl.et b t
1981) | #5501 , L L BUGCE o o 0 PR mmdBut FEar Dosdye: For e 2nd EdTH on

(1976) ; e&é&@gt@nwlg’h@cﬂ nﬁg@%kg@hl%nenceeulzt Iacee (Mack Rubls shidg

Company, Easton, Pa., 1985 Advances in Pharmaceutical Sciences (David
Gaﬁ@ertbth theegorogenes foEds ,inooye ehnees I EAtPhasrEéat iscaarSdieences

Vol gggj[vm fandetton. Sydg\a%r Janes.e 15 9%5@%0“/5&8' t%bdﬁgg} ’stjega%ﬁ)& he

Aqueous yneric Phar rceut 1 Forns ugs a
PharnacﬁmﬁaﬁateSctamceSnKSethesl3&e(J%M%ﬂdﬁé@fﬂﬁ@rsEdnclﬁ@BQ)w1thout

Pharmaceutjcal Particulate Carri rs rapeutic Applications: Dru and
the Phatttettied ScientesMevoy 6?9%;1\P§PﬁeRoPHé‘ﬁd t@&ltelggﬁnt

Del i veryut o fc&es%%srweqwsestw@iuﬂ racldilh 1 st iermoed Boaks d nathe the

Bi ol ogi cal Sciences. Series in Phar maceut i cal Technol ogy; J. G Hardy, S
S. 1@aV|hlk£1|v@U@ﬁa%ﬂEsonplE@El?lZ%@@ernlﬂﬁaxhaceurleeettmgs ard atthey 1

PharnaceutlcaISC|qnces Vbl40é Iber éne COlstoIE)her T. ﬂpodes
Eds.). %%%?e%snaycon %IHSUI%a% ebi ¥ d§? rlca'ﬁz d|S|ntegra%|ng agents,
coloring agents, flavoring agents, f|OMFIndUCIng agents, nelting agents,
stabilizing agents, 30 solubilizing agents, antioxidants, buffering agent
chelall?EF compositions may be - prepared as medicaments to
administered orally, parenterally, rectally or transdermally.

20 Suitable forms for oral administration include tablets,
compressed or coated pills, dragees, sachets, hard or soft
gelatin capsules, sublingual tablets, syrups and suspensions;
for parenteral administration the invention provides ampoules
or vials that include an aqueous or non-agueous solution or

25 emulsion; for rectal administration there are ©provided
suppositories with hydrophilic or hydrophobic vehicles; and
for topical application as ointments and transdermal delivery
there are provided suitable delivery systems as known in the
art.

30
Transdermal Formulations are medicated adhesive patches placed
on the skin to deliver a time-released dose of medication

through the skin and into the bloodstream. A wide variety of

pharmaceuticals can be delivered through transdermal patches,



agents, fillers and plasticizers. For instance, for oral admnistration in
the dosage unit formof a tablet or capsule, the active drug conponent can
be conbi &0 20i2d38AM oral , non- toxic, pharnmaceutically &ctapst@blos7es nert
carrier such as WD 2012/ 058219PCT/ US2011+057698 - 20 - gel atin, agar,
starch, nethyl cellul ose, dicalcium phosphate, calciumsulfate, mannitol,
sor bi t ok, £E0g1yStahbi perCehbulase and they i ke Suitable fjndess dncl ude
starch, gelatin, natural sugars sucCh as corn starcﬁ, natural and 5

synt het s cclgupss suche sisr @raci a, far agacanidgusy, sodinuin algienatre;1qpovi ddne,
car boxynet hyl cel | ul ose,. .pol yet hyl .ene gl ycol, .waxes,.and the |ike. :
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gal lic agifeandrbhs Salds cand esbees pHuindated Jydr oxyani el esonedirdd
acid. Lubricants used 10 in these dosage forns include sodi um ol eat e,
sodiPum 'ét Bar &itéie s odrbmtBer26at eSUShdidin adEraCe,, steariRCERIE SéHm
stearyl funpEate, baloe andet B! Lken D sbiteaiabons include, wWihouh,
limtation, starch, nethyl ce Tu ose, agar, bentonite, xanthan gum
croscaroehé nsehsodaoant sodi am sbarvkrgl ywoa ate ahargdetd5phkiske, Suiduall e

pl asticjzersinclude trjacetin,triethyl citrate, dibutyl sebacate,

bol yet Htene gifcol ani EReIFFREL TRE E00si 13 Bhs HEYoBaYpr ARk 5E

medi cangstsot &nbe, admnistiiefedaoral hyr Py epheraldey, thect@ddh Ofduring
transdermally. 20 Suitable fornms for oral adm nistration include tablets,
comPr essledr aye coblteddpivt sadaragees, asaenersnehdicd eonsartl gellgrise of
capsul es,. sublingual, t ahlet s, syrups and.guspepsions, far pArenter ah.

adm ni stration"the invention provides anpoul es or Vi dls th I'nclude an
aqueouspatcmonraguebks @dlait | @nv oro2beretrul SiTor; tHwr mest aboadwhnnitstaeat | on
there are provided suppositories with hydrophilic or hydrophobic vehicles;
and for°topFears Bﬁﬁ“?gat P8 Ca850i thfent a%?fgxtr%ﬂgdelrﬁﬁ?rﬁéllirvertyyﬁ%re are
provi deghsuit &bl englel byetye sySheRBpas: KnowsviRpthe 181t 2030 Thansdidmg
Fornul ati ons are medi cat ed adhesi ve patches placed on the skin to deliver a
ti me- r el easddt dose of nediTation throudhead®oski n and ilnt.o the bl gédst ream
A w de vari et , an be deliyvered thrgough transdernal

bat Chess vl bHASH b8 LESils@sas D5l L SORH as I CSELRe for

snoki ngscessad | o) Beapol @ e Plodrmddy pore Gi'ckaessonestoogen for nmenopause,
and prevention of osteoporosis, nitroglycerin for angina, |idocaine for
pain relief from shingles. Sonme pharmaceuticals nmust be conbined 5 with

ot her substances,,isuch,gs algohQls tg ingrease thghkiabyl ity o,penetrate
the skin. Ml ecules of insulin, and many ot her pharmaceuticals, however,
areélt oovd baigele o passrthiodghdt heuski ms Transder nal L patrbhesahaveugeviar al

| mpor tant compenent s, i eluding, 2, liner o protect;the patgh duting

hydrophilic polymer matrix such as acrylic or vinylic
polymers. Adhesive polymers, such as polyisobutylene, are
used to hold the patch in place on the skin. (Stanley

25 Scheindlin, (2004) “Transdermal Drug Delivery: PAST PRESENT,
FUTURE, ” Molecular Interventions, 4:308-312).

The major limitation to transdermal drug-delivery 1is the
intrinsic barrier property of the skin. Penetration enhancers
30 are often added to transdermal drug formulations in order to
disrupt the skin surface and cause faster drug delivery.
Typical penetration enhancers include high-boiling alcohols,
diols, fatty acid esters, oleic acid and glyceride-based

solvents, and are commonly added at a concentration of one to



10 storage, the drug, adhesive, a nenbrane (to control release of the drug
fromthe reservoir), and a backing to protect the patch fromthe outer

envi r onmew0.20s811w0 nost comon types of transdermal pa&Cthisgolansrensmt ri X
and reservoir types. ("Transdermal Patghes" W ki pedia, Novenber 15, 2007,
W ki pedi a 15 Foundation, Inc., Decenber 13, 2007

en. w ki pedia 8eakwi ki /Jr ansder mhha pabel, ante Rerdpalonc,IienSeence and
Practice of Pharmacy, 20th Edition, 2000). In reservoir type patches, a
drug i sSxomgitied wieth a rdorenKewollati | rinser tbdliigidd; sudtraBiatier al

oi I, whereas drug. in natrix type patches,a . drug is dispersed in a

i pophi ‘Fﬁ“&*‘:‘-%f%“"ﬁyd*rko‘b%i ‘i“c**fb*o-fw%éf %ﬁﬂpﬁ 2 leh BESery e bt vi nylic

pol ymers. Adhesive polyners, such as polyisobutylene, are used to hold the
patch in place on the skin. (Stanley 25 Scheindlin, (2004) "Transdernma
Drug Defd st 1PASTTPRESENTSU FEAUREN " copPesticar dhtekeetid i 8RES1R, 3084.Y312) .
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to WO 2012/ 058219PCT/ US2011/ 057698 - 22 - 20 percent (ww. (Melinda Hopp,

" DéVel optimgr CustremtAdhesi-ve Spseens for Trang@ermal OrugiBeltamsy1cal
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Rasagilin erated conpounds di sclosed herein, e used al one,
or altenaati weingridey may besusededs anomgdpund} toLexdésdpag traat nent s.
The di scl osed conpounds naégbe adm pnistered at different tinmes and separate

from ot HeT2tP &5y et sTBtPhsCh: conbi néd “pRRPRacGET 84 SoMpEsisE dh Mith 10
ot her tyeatpents. JThusccfloketXamphsourd Phar mpgeut i £aly CORPOsiohi ony f oyt or al
use in the formof tablets or capsules may conprise a disclosed conpound,
Levodopasvedhela detdr boxyt aseny nii bveoser&Bucte a conposition may conprise
0.01- 20 ng of a disclosed conpound in base form 50-100 ng of 15 Levodopa,
and 12.5-50 ng of benserazide. The preferred dosages of R(+)PAl or its
deut er aflesl Heemsriradanyo Dfgddeocdi sclioeed conpasist idnscamycde Wothin itrhe
follown
agy of the disclosed compositions may be within the following
ranges: for oral or suppository formulations 0.01-20 mg per
20 dosage unit to be taken daily, preferably 0.5-5 mg per dosage
unit to be taken daily and more preferably 1 mg or 2 mg per
dosage unit to be taken daily may be used; and for injectable
formulations 0.05-10 mg/ml per dosage unit to be taken daily
and more preferably 0.5-3 mg/ml per dosage unit to be taken
25 daily and more preferably 1 mg/ml per dosage unit to be taken
daily may be used. The amounts herein refer to the weight of

the base compound, not the salt form thereof.

By any range disclosed herein, it is meant that all hundredth,
30 tenth and integer unit amounts within the range are
specifically disclosed as part of the invention. Thus, for
example, 0.01 mg to 50 mg means that 0.02, 0.03 ... 0.09; 0.1,
0.2 ... 0.9; and 1, 2 ... 49 mg unit amounts are included as

embodiments of this invention. For example, a range of 0.01-20



ranges: for oral or suppository formulations 0.01-20 ng per 20 dosage unit
to be taken daily, preferably 0.5-5 ng per dosage unit to be taken daily
and nore woebeyekily 1 ng or 2 ny per dosage unit to be trakars2daiosywosay be
used; and for injectable fornulations20.65-10 ng/ M per dosage unit to be
taken daily and nore preferably 0.5-3 ng/m per dosage unit to be taken 25
dai |y apd mRugsprefarabhy Luymidagper dosage upi ti tqher taken daidynJmy be
used. The amounts herein refer to the weight of the base conpound, not the
salt fornthhher ébfe. Bynany arangerdi sl oskdy herigiolosied | s ngantt t hat tdld

hundredt h, 30.tenth and | ntege it angunts w thi he range are

speci fi%%?%tld?%u@é%%' aé'é)gftbowt hefﬁvggti@n&#ﬂu? “for %egarr&“& 5.01 ny
to 50 ng neansothat ©h02, aRo@8ts. ar@. GKclhdbd 062 embo8ifénandok, this . 49
ng unit anounts are included as enbodi ments of this invention. For exanple,
a ranget®feDLHIZ 20 WO 2012/ 058219PCT/ US2011/ 057698 - 23 - ng neans that all
hundredth, tenth and integer unit anmounts within the range are specifically
di scl osed as part of the invention. Thus, 0.02, 0.03 ... 0.09; 0.1, 0.2 ...
0.9; andetlab@lites 19fnmgmunchemmpaht scampoiindbudedhas hembodinmemtes tof drhi s
5invention. Metabolites from chem cal conpoupds, whether _inherent .or

ohar macRt TEAT Ut e 1 or FEQ 48 CBRTt o0t NAE nat ublP BRGCRAH CACgEsss of
degr adi g @l ebirmatring dhea c@npoundsatThe rake dOnodusiegr adabi anwf a
conpound is an inportant determ nant of the duration and intensity of its
actlidon. oPr EPIrRAg trenalid] | fes B PG mag edhi cAIP Compvundstegniganet &dol i sm
is an i rtant rt of ug di ery, leading_to er st j. any
undesi r%g?e ?ﬁl eapce o1Enect 2%15 %Ilét?%g%#%at io(;efrgll o?gﬁasag???%g' Raﬁ%ﬁrllqr? is

sl oW y met @tbol i zed by QRLAZ:doutioran sevepalinpki madtnyugrehababol ésmas ishown

bel ow. , . .
an important part of drug discovery, leading to an

understanding of any undesirable side effects.

15
Metabolization of Rasagiline
Rasagiline is slowly metabolized by CYP1A2 to form several
primary metabolites as shown below:

20 Phase I biotransformations of

protonated rasagiline

l oxidative

o5 N-dealkylatio’r/ \jfamination
hydroxylation H
/
E 3-OH-PAI H\// Indanone éoi

Al NH,

30 These primary metabolites may undergo further metabolism by

Phase 1 or 2 metabolic reactions.

Drugs deuterated (C-D instead of C-H) at the site of metabolic

biotransformation are more resistant to metabolic changes,



20Phase | biotransformations of protonated rasagiline 30 These primary
net abol ites may undergo further netabolismby Phase 1 or 2 netabolic
react i onswo 200/@02/ 058219PCT/ US2011/ 057698 - 24 - espe@CaluSgomioeTs9s hose
changes are nedi ated by cytochrone P43@ systens. This is due to so called
Deuterium Kinetic Isotope Effect (DKIE). Thus, deuterated forns of

rasagi| 06, apy NAvenohT keeeat dietakal iL-prathl g thapyt e patanat ad dor .
The 5 increased 1evels of deuteriumincorporation nay produce a detectable
DKI E t haysttaut d dhfiectid hdupharmasokicaétlied, xharevaicol ofiveand/ drsotope

Coxi col oni . : A oot °l havi
ot ur ol s e e BLTPRAET ol e oy E 8 G mPo et s G bT% NESE BShd o
be oxi diizete ray: ahi&a ghange pherpathweya®f whaugpretabalkiesm fsehabolie

swi tching). The nmetabolic scheme belowillustrates different ways to slow
CYPPA2- e 2t @ netatsol 5 smfof PR &gHMTNe  NSAERCAS 18 a) MdEs Fpl”rﬁt%la?egylaati on:

Phase | i or ngt-i-on de te il - -
d £ ansf or pptions, of terated sasagiline 0 kinetic,
2012/ 058‘%&1%#30%]%2011}057698 : 2% - priermacorinetic

pharmacologic and/or toxicologic profiles of rasagiline

compared with rasagiline having naturally occurring levels of

deuterium.

10
Deuteration of the C-H bond to be oxidized may also change the
pathway of drug metabolism (metabolic switching) . The

metabolic scheme below illustrates different ways to slow
CYP1AZ2-mediated metabolism of rasagiline, such as

15 a) des propargylation:

Phase I biotransformations of
deuterated rasagiline

Al NH. 3-OH-PAT Hie. indanone -
.-‘( "~ .
0o O

20

25



b) hydroxylation: C) oxidative deam nati on: 10 Literature illustrates a
simlar pathway blocking in the phenal zi ne nol ecule, which is al so potent
MAO i nhi bwoap12mss21eat abol i zed by MAO. (Dyck LE et al., PETfuset110876ghr oni c
15 deut erated and non-deut erated phenébzine on rat brain nonoam nes and
nonoam ne oxi dase", Naunyn Schm edebergs Arch Pharmacol ., 1988 Mar;

337(3) 1By K &I oxJNe phenal zi ne nol ecul e studied in Dyck LE et al. was

nodi fied by deuteration at al pha and beta carbons of hydrazine noiety as
shown bel ow. WO 2012/ 058219PCT/ US2011/p57698 - 26 - Study results in
Dyck LE et al. indicated that the dgutergjed phenelzine is a nore potent
MAO i nhibitor, but not in-vitro ng nost probably higher stability to
oxi dati on. Anot her

CYP

D OH D
WD D oD

V
A M. aonPal R_”  Indanone

5
c) oxidative deamination:
HN
CYP
CYP CYP
OH
''D 'D S
Al NH, 3-OH-PAI HN\/ Indanone ¢,

10

Literature illustrates a similar pathway blocking in the
phenalzine molecule, which 1is also potent MAO inhibitor but
catabolized by MAO. (Dyck LE et al., “Effect of chronic

15 deuterated and non-deuterated phenelzine on rat brain
monoamines and monocamine oxidase”, Naunyn Schmiedebergs Arch
Pharmacol., 1988 Mar; 337(3):279-83). The phenalzine molecule
studied in Dyck LE et al. was modified by deuteration at alpha
and beta carbons of hydrazine moiety as shown below:

20



15 potential nmechani smdiscussed in Dyck LE et al. was an increased
neur onal uptake which was al so shown for other amnes, e.g. D3-NA. This
i nvent i orwei2bi2/d5821bet t er under st ood by reference to thePRO/US2pansTERNt al

Details which follow but those skiH &d in the art will

that the specific experinents detailed are only illustrative of the

invention as described nore fully in the clains which follow thereafter.

WO 2012/ 058219PCI/ US2011/ 057698 - 27 - Experinental Details Certain

reagents to be
bel ow. Reagent

10

15

20

25

dH n fhe follow ng exanples are listed in the table

&C NH, /- 112N 2450-71-7 ----- 623-47-2 EtO0
N
H HH
Phenelzine
D_ b

/NHZ

N
pO pH

D,-Phenelzine

Study results in Dyck LE et al. indicated that the deuterated
phenelzine is a more potent MAO inhibitor, but not in-vitro
meaning most probably higher stability to oxidation. Another
potential mechanism discussed in Dyck LE et al. was an
increased neuronal uptake which was also shown for other

amines, e.g. D3-NA.

This invention will be better understood by reference to the
Experimental Details which follow, but those skilled in the
art will readily appreciate that the specific experiments
detailed are only illustrative of the invention as described

more fully in the claims which follow thereafter.

readily appreciate

25



Se83-33-0 Li AID4(EM 42) 98atom %O, 90% CP) 14128-54-2 Lithium al um num
deuteride solution (1.0 Min diethyl ether,96 atom % D) 14128-54-2

Li t hi um awvoreornssdeut eri de solution 1.0 Min THF, 96 at orC¥US204028954- 2
Exanple 1 - Synthesis of Conpound 1- €@npound 1 was prepared via a
synthetic route described in the follow ng reaction schene:

201- 11-RlpSdiffert £P Betails

Certain reagents to be used in the following examples are

listed in the table below.

5
Reagents CAS No.
HN 2450-71-7
%—_ 623-47-2
EtO
10 ©Q 83-33-0
6)
LiA1D4 (EM 42) e
98 atom % D, 90% (CP) 14128-54-2
Lithium aluminum deuteride solution
(1.0 M in diethyl ether, 96 atom % D) 14128-54-2
Lithium aluminum deuteride
solution 1.0 M in THF, 96 atom % D 14128-54-2
15
Example 1 - Synthesis of Compound 1
Compound 1 was prepared via a synthetic route described in the
following reaction scheme:
I/() 02
C*‘O 5
D 7 A o, -0 ,— )
D oH / / / MSOH
20 11 12 1-3 1-4 1
Step 1

[::[;? LiAID, [::I;?
Et,0

o) D oH
1b 1-1



1-b1-1 WO 2012/ 058219PCT/ US2011/ 057698 - 28 - To a suspension of LiAlD4 (5
g) in 100 M diethyl ether cooled to -70C was added dropwi se a sol ution of
Conmpound Wokzo(23B38yyy in diethyl ether (100ml). The addit ipom/Usasl106T6pS et ed i n
2 hours. After addition, the reactien2fi xture was stirred at - 5 70 C for
anot her 2 hours. Aqueous NaOH (5 g, 15% solution) and 15 g of water were

then adged, Ihe,prechpibate;was, fibtgred,andowashed piih either. g eq
conbi ned ethereal fractions were concentrated 1n vacuumto provide Conpound

1-1 as tbear0di |wg27adde80duppwibeSrep 2 ution -af Teompsohdt Lok dB0 g)
-2-yn-1-.am 1 i m Di chl th dded 41
o “Tri cbhyiTamTia ant™h 15 §70F 4. AEr oBAnSenes 1- G f SAYP LENEey i o, The

react i oowi Xt UREtWRS =stdirdie ,att Koo Lenpenatiuxe veverdightt i Fhedr esulti ng

solution was added 500 nl saturated NaHCO8 sol ution while stirring. During
addict i ofl pr écipidH e washeaken praecevst HaOpr éei git ade wes Uihiiorer eédid

washed i tg e&raw?&i’%%'rgt I{TRs, aRdq2Q. drined g0, provi de Coapound Jead n 75
%yield (36 g). Step 3 o
and washed with ether. The combined ethereal fractions were
concentrated in wvacuum to provide Compound 1-1 as clear oil
(27 g, 80 %).
10
Step 2
0s.f

~

P
“ \©\ Ox 2
NH, e N’H\©\
4/”' Et;N, DCM, 1t 4/F_ NO,
1-a

To a solution of prop-2-yn-l-amine (11 g) din 500 ml of

Dichloromethane (DCM) were added 41 g of triethyl amine and 44
15 g of 4-nitrobenzene-l-sulfonyl chloride. The reaction mixture
was stirred at room temperature overnight. The resulting
solution was added 500 ml saturated NaHCO; solution while
stirring. During addition precipitation was taken place, the
precipitate was filtered , washed with water several times and

20 dried to provide Compound l-a in 75 % yield (36 g).

Step 3

9 2
i ﬁ
/NH\©\ o,
o L
D
D PPh;, DEAD, DCM //

OH

14 12
A solution of Compound 1-1 (2.7 g, 0.02 mol), Compound 1l-a
25 (4.8g, 0.02mol) and triphenylphosphine (11 g, 0.042 mol) in
200 ml DCM was cooled to 0°C and diethyl azodicarboxylate
(DEAD) (7.3 g 0.042 mol) was added. The resulting mixture was



i-'" NH 1-aNO2 110. D COHPPh3, DEAD, DCM 1-11-2 A sol ution of
Compound 1-1 (2.7 g, 0.02 nol), Conpound 1-a 25(4.8g, 0.02nvl) and

tri phenylwbasphissmo(11l g, 0.042 nol) in 200 ml DCM was @ooitsdoios®es and

di et hyl azodi carboxylate (DEAD) (7.3 §90-042 nol) was added. The resulting
m xture was WO 2012/ 058219PCT/ US2011/ 057698 - 29 - warnmed to room

tenperagurg and ;stif5ed Qyeenbglte Alfer sthe Lgachion was COKPk@EeCkhet he
reaction mxture was concentrated and was further purified by flash

chr omat oggaphyn usiag c88%Lef celt hytlhaaCJee‘emielQrEAl)uxhupet wels etdreren(tRE)tad gi ve

3.6 ¢ np 1-2 in % yi.el d Step 3Toast|rrcjsout|on
ot Comind A E D UT TG, Faa T Y O Ho EeboRE; Cubre adsar 2ot BF

2- nerca@ﬁ@;apetdc@t@&led (0291 ih fo@tml)e@wruwﬁ()o 48 xyiv0 mel )g Bre
resulting mxture was stirred overnight and partitioned between 200

et her dndMAYOR 1%t ik at'ed Ne#k®B sol ution. The ether phase was col | ected,
concentrated and was further purified by flash chromatography

Step 4

o
Q
@\ Yo 'HSCH,COOH @
// “LoH, ovF 4
1-2 1-3
To a stirred solution of Compound 1-2 (1.8 g, 5 mmol) in DMF
10 (50 mL) were added 2-mercaptoacetic acid (0.91 g, 10 mmol) and
LiOH(0.48 g, 20 mmol). The resulting mixture was stirred
overnight and partitioned between 200 ml ether and 100 ml
saturated NaHCO; solution. The ether phase was collected,
concentrated and was further purified by flash chromatography
15 using 20% gradient of EA in PE to give 0.77 g of Compound 1-3
in 90 % yield.

Step 5
chiral prep.
@ HPLC
Y AR
D HN\/ D HN\/
1-3 1-4

20 Deuterated R-rasagiline free base (Compound 1-4) was obtained
following 2 times chiral preparation using Supercritical Fluid

Chromatography (SFC).

25



15 using 20% gradient of EAin PE to give 0.77 g of Conmpound 1-3 in 90 %
yield. Step 5 1-31-4 20 Deuterated R-rasagiline free base (Conpound
1-4) was wbtaiziss2ibol | owi ng 2 tinmes chiral preparation meirus28ufoeTeesiti cal
Fl uid Chromat ography (SFC). WD 2012/ 058219PCT/ US2011/ 057698 - 30 - Step 6
1-4 Deuterated R rasagiline free base (Conmpound 1-4) (1.1 g) was dissol ved
in8g g){e sgpropanol and 0.7 g of methanesulfonic 5 acid was added at
stirri ng—a'nd—cool i ng Durl ng the addition crystallization of rasagiline
mesyl at -. pI ac -4 ndl| suspensi on was heated to reflux and
after c . gl ids was cooled to 10C. At cooling

rasagil it ol ;%te crystalmg@fzgg the m xture was stirred at 10 C for 15 10
m nutes and™Ten filtered. The s8lid product was washed with ether and was
dried under vacuumat 60 C to obtain Conpound 1. Conmpound 1 elutes at good
chromat ogr dhi ¢ purity (99.2% gr ea in a HPLC chronat ogran. H NVR

( CD30D)De16teﬂat5§d 7TR5968agltine7.fAQel . ¥a8s M(C3Ipourd33—-4y57(B7{ myIiHwaA O(s,

2H) , 3. %§ 3.19-3.24(m 1H), 3. 03- .
issolved in 8 g of 1sopropanol and 0.7 g of methanesulfonic

5 acid was added at stirring and cooling. During the addition
crystallization of rasagiline mesylate took ©place. The
resulting suspension was heated to reflux and after complete
dissolution of solids was cooled to 10°C. At cooling rasagiline
mesylate crystallized, the mixture was stirred at 10 °C for 15

10 minutes and then filtered. The solid product was washed with
ether and was dried under vacuum at 60 °C to obtain Compound 1.
Compound 1 elutes at good chromatographic purity (99.2% area
in a HPLC chromatogram).

H-NMR (CDz;OD): & =7.57-7.59(d, 1H), 7.40-7.43 (m, 2H), 7.35-

15 7.37(m, 1H), 4.0(s, 2H), 3.3(s, 1H), 3.19-3.24(m,1H), 3.03-
3.06(m,1H), 2.7(s, 3H), 2.58-2.61(m,1H), 2.26-2.32(m,1H).

Example 2 - Synthesis of Compound 2

Compound 2 was prepared via a synthetic route described in the

20 following reaction scheme:

LIAID E @Q
q _ BB oy 2 W HN/ H/
/ / / MsOH

MeO HO TsO D D p D

25



3.06(m1H), 2.7(s, 3H), 2.58-2.61(m1lH), 2.26-2.32(m 1H). Exanple 2 -

Synt hesi s of Conpound 2 Conmpound 2 was prepared via a synthetic
rout e deswoizbedss219t he 20 foll owi ng reaction schenme: WeCT/US2011/057698

2012/ 058219PCT/ US2011/ 057698 - 31 - -SBép-1 Li Al D4 MeOEt 20 2-22-3

Li t hi um al um num deuteride (5.0 g, 0.12 nol) was suspended in 200 nL of
ethyl egher {n a 500-nl round-bottomflask fitted 5 with an addition
funnel .—The flask was cooled to -78C, nmethyl propiolate (13.5 g, 0.16 nol)

in 100 mMQof et hab, wap added drop wi se over 4 h. After conplete addition,
the sol uti Trr -40 C overnight. Water (5.0 g) was added drop
wi se toMtPe flask,~ whi'eh was then allowed to warmto room 10 tenperat ure.

Aqueous NaOH (5 g, 15% solution) and 15 g of water were then added. The
precipitatzee was filterssl and washed with ether. The conbi ned et hereal

o0t on ere evsporsted.and disti)od ot FLIBSRICL! CRLESRUE T, |
next 15s§@PmIStEP Qthyl ether in a 500-mL round-bottom flask fitted
5 with an addition funnel. The flask was cooled to -78°C, methyl
propiolate (13.5 g, 0.16 mol) in 100 mL of ether was added
drop wise over 4 h. After complete addition, the solution was
stirred at -40°C overnight. Water (5.0 g) was added drop wise
to the flask, which was then allowed to warm to room
10 temperature. Aqueous NaOH (5 g, 15% solution) and 15 g of
water were then added. The precipitate was filtered and washed
with ether. The combined ethereal fractions were evaporated
and distilled at atmospheric pressure. The residue containing

prop-2-yn-1-o0l (Compound 2-3) was used directly for the next

15 step.
Step 2
D\[[) __ TsCl D\'|3
/T /T
HO KOH 150
2-3 24
The residue containing Compound 2-3 (containing ~ 0.16 mol of

20 Compound 2-3) and 4-toluenesulfonyl chloride (TsCl) (60 g,
0.32 mol) in 500ml ether was cooled to -10°C. To this solution
was added KOH solid (90 g, 1.6 mol). After addition the
reaction mixture was warmed to room temperature and stirred
for 2 hours. The reaction mixture was filtered and the

25 filtrate was concentrated in vacuum to provide Compound 2-4 as

a yvellow residue which was used directly for the next step.



D TsCl 1:)_  _ KOH TsO 2-32-4 The residue containing Conpound 2-3
(containing - 0.16 nol of 20 Conpound 2-3) and 4-tol uenesul fonyl chloride
(T5C1) (o80g01205829nol) in 500mL et her was cool ed to - 1@CI/UBeottlos®9% 0l ut i on
was added KOH solid (90 g, 1.6 nol) - ARter addition the reaction m xture
was warnmed to roomtenperature and stirred for 2 hours. The reaction
mxtureswas filtered and the 25 filtrate was concentrated in vacuumto
provi deCompound 2-4 as a yell ow residue which was used directly for the

next step. WO 058219PCT/ US2011/ 057698 - 32 - Step 3 2-42-5
(R) - 1- Ami noi nda 334 @ 1 leq) was dissolved in dry THF (20 m) and
cool ed g 0- 5C241, 8NBN a abAN%%o[ 5. 4. 0] undec- 7- ene
o DBU, THF D D
24 25

(R)-1-Aminoindan (1.33g, 10mmol leqg) was dissolved in dry THF
(20 ml) and cooled to 0-5°C. 1,8-Diazabicyclo[5.4.0]undec-7-ene
5 (DBU) (1.5 equivalents) was added slowly and the resultant
mixture stirred for 30 minutes before propargyl tosylate
(Compound 2-4 from Step 2, 1.25 equivalents) was added
dropwise. The reaction mixture was stirred for 4 hours at 15-
20°C. After completion of the reaction, the THF was removed
10 under reduced pressure and water (30ml) added. The product was
extracted with DCM (3 x 50 ml), followed by washing with 10 %
agqueous NaOH (2 x 30ml) and water (2 x 3ml). The DCM was
removed under reduced pressure at 40 °C to obtain a residue.
The residue was then purified by preparative HPLC to provide

15 Compound 2-5 as colorless oil.

Step 4

I e O
o D

HN
g D MsOH

25 2
Deuterated rasagiline Dbase (Compound 2-5) (L.1  q) was
20 dissolved in 8 g of isopropanol and 0.7 g of methanesulfonic
acid was added at stirring and cooling. During the addition
crystallization of rasagiline mesylate took ©place. The
resulting suspension was heated to reflux and cooled to 10 °C
after complete dissolution of solid. At cooling rasagiline
25 mesylate crystallized, the mixture stirred at 10°C for 15
minutes and filtered. Solid product was washed with ether and

dried in vacuum at 60°C to provide Compound 2. Compound 2



5 (DBU) (1.5 equivalents) was added slowy and the resultant m xture
stirred for 30 m nutes before propargyl tosylate (Conpound 2-4 from Step 2,
1. 25 equiwealzeresy21vas added dropwi se. The reaction m xt BCE/USa6119576p8 ed f or
4 hours at 15- 20C. After conpletion 68 the reaction, the THF was renoved
10 under reduced pressure and water (30mL) added. The product was extracted
wWith DOM (3. 39 r%c)odfghl:gfﬁ@gog¥aﬁ9ﬁ§g' 29,2 L0 19 % agueaus NaCH (idpe SOm)
and water (2 x 3nl). The DCM waS renoved under reduced pressure at 40 oCto
obt ai n @hresddueramhe resi due was then purified by preparative HPLC to

provi de np .2-5 _as colorless oil.. Step 4 -52 terated,
rasagiIf%gmﬁgse@%§gpou§6q2§§)FISf%57waéH20 d%s3%|§934ﬁﬁ'8 fr ig%gg%panol
and 0. 73 @ ofmrethanesul fiop T, 2Cid, was, added(at siH)r,ri g s5aned .axln, ngt) Duri ng
the addition crystallization of rasagiline nesylate took place. The
res@lti%g2%U%p%%§FohHMas heated to reflux and cooled to 10 C after conplete
di ssolution of solid. At cooling rasagiline 25 nesylate crystallized, the
m xture stirred at 10C for 15 mnutes and filtered. Solid product was
washed Bxarmple h2r- sSynthesds | off veorypwmad HO0C t o provi de Conpound 2

Conpound 2 WD 2012/ 058219PCT/ US2011/ 057698 - 33 - elutes at good

chr orratgﬂp%?fﬁril% uf3t YO {59 af &4 ?ns%fl*gﬁ@%h?%%% ?%%fbeg in the

1H NVR(E20) 6 by 36 dc 08 dlefe 94- 4. 94(q, 1H), 3. 03- 3.24 (m 3H) ,3.19-3.24
(m 1H ,2.8 (s,3H ,2.50-2.63 (m 1H) , 52.25-2.35 (m 1H) . Exanple 3 -
Synthhesi s of Conpound 3 Conpound 3 was prepared via a synthetic route

described in e follow ng reactjion sche
LiAID, [::I;?
— —_— | ] ) —
D
o) D oH NH,
1-b 11

DN,
34 32

Step 1
[::[;? LiAID, [::I;?
Et,0
o) 2 D oH
15 1-b 11

To a suspension of LiAlD, (5 g) in 100 ml diethyl ether cooled
to -70°C was added dropwise a solution of Compound 1l-b (30 g)
in diethyl ether (100ml). The addition was completed in 2
hours. After addition, the reaction mixture was stirred at -

20 70°C for another 2 hours. Agqueous NaOH (5 g, 15% solution) and
15 g of water were then added. The precipitate was filtered
and washed with ether. The combined ethereal fractions were
concentrated in wvacuum to provide Compound 1-1 as clear oil
(27 g, 80 %).

25



Step 1 151-bl1l-1 To a suspension of LiAlD4 (5 g) in 100 m diethyl
ether cooled to -70 C was added dropw se a solution of Conpound 1-b (30 Q)
i n di et hyWwoebtrarss{1200mL) . The additi on was conpl et ed i nP2Thisao13/057%bs er
addition, the reaction m xture was stBéred at 20 70 C for another 2 hours.
Aqueous NaOH (5 g, 15%solution) and 15 g of water were then added. The
preci pigate yas filtered and washed with ether. The conbined ethereal
fracti onms were concentrat ed in vacuum to provi de Conpound 1-1 as clear oil

(27 g, . DepganLtJu aI cohol Conpound 1-1 (13.5 g, 0.1 nol) and
di pheny! Sphorgzida 0. 11) vvas dissolved in dry THF 5 (100 ni).
The m xt ur®@ gpas cool ed toD0|G; under and neat DBU (20 g, 0.13 npl) was

added. The m xture was stirred at roomterrperature overnight. The resulting
m xture was partitioned between DCM (500 m) and water (400 m) . The

or gani cA phasewas sdpanatedplwasShedownd h el er(132G0 ni.) and S%JHCI k00
m.). The 10 orfanl C Ia er was concentrated in vacuum and the residue _was

puri fi e-myeRY |BQO§8]P ERfomategrdpfy Usilhd 9585 Pexamey ety 8¢dt at¥ to
afferd 120@ 47PN TeMpound3- %a@sd®d$@61tﬁpkpbl%%%é@ ani%nét%%é% DE3r 13- 2

To a solution of Conmpound 3-1 (3.2 g, 0.02 nol) in 100
(20 g, 0.13 mol) was added. The mixture was stirred at room
temperature overnight. The resulting mixture was partitioned
between DCM (500 ml) and water (400 ml).The organic phase was
separated, washed with water (200 mL) and 5% HCLl (200 mL). The
10 organic layer was concentrated in vacuum and the residue was

purified by silica gel chromatography using 95:5 hexane/ethyl

acetate to afford 12 g (75%) Compound 3-1 as clear, colorless

oil.
15 Step 3
Pd/C, H,
—_—
methnol b
DN, NH,
341 3-2

To a solution of Compound 3-1 (3.2 g, 0.02 mol) in 100 mL of
MeOH was added 0.5 g of 10% Pd/C. The mixture was stirred
under H; atmosphere overnight. After the reaction was
20 completed, the mixture was filtered through Celite and the
filtrate was evaporated in wvacuum. Compound 3-2 was obtained

as a light vyellow liquid (2.4 g, 90%).

Step 4
oy
O 2 C 5,0
DBU, THF N
D™\, D H)<§§
25 3-2 3-3

Compound 3-2 (1.34 g, 10 mmol, 1 eq.) was dissolved in dry THF
(20 ml) and cooled to 0-5°C. DBU (1.5 equivalents) was added



MeOH was added 0.5 g of 10% Pd/C. The m xture was stirred under H2

at nosphere overnight. After the reaction was 20 conpleted, the m xture was
filtered whnolgtssxel ite and the filtrate was evapor at edpCh/usacnosic9€Conpound
3-2 was obtained as a light yellow Figbid (2.4 g, 90%. Step 4 WO

2012/ 058219PCT/ US2011/ 057698 - 35 - slowy and the resultant m xture

stirredsfop 30,/ n‘c'ﬁgsr@%%gn@r pracgyl tesyhahe sccompound 24 papared
according to Step 2 of Exanple 2) (1.25 equivalents) was added dropw se.

The reaetdomr oy Xkt tloeyﬂtxasest Crmedufigr %%M@@ned_%deMg ero5 Scewplet i on

of the r a THF renmpved.un reduced re and water (30
H) " addet HHEBOAGd:  vids 2ext FARLEd TR DO £3 % OB L SHEl owe

washi ngraw & hi &9 %ﬁﬂ;@@@uw&@%tﬁ&p@&oﬂ&) andhvater {2 x53obyc. The JGM was
renoved under vacuumto obtain a residue which was purified by preparative
10 APLC 1P ptloldrleC Eopur@agticas ditearTil | wasgrgmoved updgrergceifed

R-rasa e a n 4 .0 i f i iral
preparg%%%/gﬁh {ngﬁds%éelqoneng % qnl?’s %% l%% %&??s%g%o%{lﬂo V%ECH 5
N 3-43 ettt ep8Med 3R-x aSagirlline ﬂcrle]mm*seb(/C@atphunq 3+i4h (1033 ga)qumsZO

di ssol v o] panol a esul fonic acjd s added
at sti rl\?‘?% éﬁd Cg@ﬂi QD%UW?F@I Rg édgf“gi on Tglgygg "ifZatiGI v di line
mesyl ate2490@k BPbacstalhe 4 esybliing SUspReNsiLoNn ﬁh@@&e@ya 1Sdddigrd 0
reflux and then cooled to 10C after conplete ssol ution o solid. At

codl0i ngl2EC rigzagf Y Heée n%%W%lﬂ%dV\%ﬁc@%/s@h%?z@bll the mxture stirred at 10C
for 15 mnutes and filtered. Solid product was washed with ether and dried
under vacuum at 60C to provide Conpound 3. Conpound 3 elutes at good
chromatoge@phi ¢ purity (99.0% area in a HPLC chromat ogram .

@Q chiral prep. ©:2 Dp
)< HPLC ) N)\\

Deuterated R-rasagiline free base (Compound 3-4) was obtained

15 after 3 times chiral preparative HPLC and 2 times SFC.

Step 6

©:2 Dp MsOH
= N H
RN

isopropanol

\

34
Deuterated R-rasagiline free base (Compound 3-4) (1.33 g) was

20 dissolved in 8 g of isopropanol and 0.8 g of methanesulfonic
acid was added at stirring and cooling. During the addition
crystallization of rasagiline mesylate took ©place. The
resulting suspension was heated at stirring to reflux and then
cooled to 10°C after complete dissolution of solid. At cooling

25 rasagiline mesylate was crystallized, the mixture stirred at
10°C for 15 minutes and filtered. Solid product was washed with
ether and dried under vacuum at 60°C to provide Compound 3.
Compound 3 elutes at good chromatographic purity (99.0% area

in a HPLC chromatogram).



WD 2012/ 058219PCT/ US2011/ 057698 - 36 - 1H NVR (CD30D): 6=7.5(d, 1H),
7.40-7.45(m 2H), 7.33-7.37(m 1H), 3.3(s,1H), 3.2(m 1H), 3.0(m 1H),

2. 7(s, 3Hwo20B/@824fm 1H), 2.2-2.3(m 1H). 5 Exanpl e 4: rPharsa®ankioneti c and
Partial Metabolic Eval uation Conpounrd$6l;- 2, and 3 used in this exanple are
prepared according to the processes described in Exanples 1, 2, and 3, 10
respectijvghy g g@sagkinesysed 1) WWUM@QWUM%(’(WPY Jgya %@W%‘ﬁ(‘n@m S

| ndustries Ltd. fDet ach Tikva, | srae ). Test formil ations contai ni ng
Conpound$) 1, 3273 B,, 18p ,rasagini néHat 13 ry(rdolse | evel (ar eHpr epgarced .andh,ar e
adm ni s t "dose level", such as in "1 ng dose |evel",
refers #% %eﬁrng%fmbﬁﬁe base form of Conmpounds 1, 2, 3, or rasagiline,
not the wei ght of the corresponding salt form which is heavier. The
congentrations of Compound 1, Conpound 2, Conmpound 3, and rasagiline in the
pl asma geambes #f ISr i 66k 2R L @ Ahed OB PEST Uk P £L 6 Al £1 6 M VB assay.
Phar macoRTTi | s versus
time curves are evaluated. The foll ow ng pharnacokinetic paraneters are

det er m Gedpdunas 25 ,t he ,meandpl asmesbndent rtatLisonethplelatare( rr@a:rep@fretmr ee

animals at e htrre t f Co nd .1, Co. d3
g | T b e R ik o s AR st ol Pt e b aema ™

coneent adh &b 1By CUr vied f roqm dd mezer quptot |1@0fﬂ<‘ﬁﬁ,{ﬂ§$t@9ﬂ@pl &y Teva
concentration(tz) AUC(O 00)
Pharmaceuticals Industries Ltd. (Petach Tikva, Israel).

Test formulations containing Compounds 1, 2, 3, or rasagiline
at 1 mg dose level are prepared and are administered to mice.
15 A “dose level”, such as in “1 mg dose level”, refers to the
weight of the base form of Compounds 1, 2, 3, or rasagiline,
not the weight of the corresponding salt form, which 1is
heavier. The concentrations of Compound 1, Compound 2,
Compound 3, and rasagiline in the plasma samples of the mice
20 are determined using reliable LC/MS/MS assay. Pharmacokinetic
parameters are calculated and the mean plasma levels versus

time curves are evaluated.

The following pharmacokinetic parameters are determined from
25 the mean plasma concentration-time data (mean of three animals

at each time point) of Compound 1, Compound 2, Compound 3 and

rasagiline.
Parameter Definition
AUC (0-t) Area under the plasma concentration-time curve

from time zero up to time of last detectable
concentration (tz)

AUC (0-0) Area under the plasma concentration-time curve
from time zero up to infinity

Crax Maximum observed plasma concentration
Trax Time of maximum observed plasma concentration
L1/ Apparent terminal elimination half-1life




Area under the plasma concentration-tinme curve fromtinme zero up to
infinity Cmax Maxi mum observed plasma concentration trmax Tine of maxi num
obser ved wbhasm@wssnncentrati on t172 Apparent term nal el Peirnstéonsteagf-1ife
WO 2012/ 058219PCT/ US2011/ 057698 - 37 37The testing results of this exanple
show t hat the average plasma concentration of deuteriumenriched rasagiline
|5 compagablie diq ihato0h Ron- deutanal edyiasagi 1dms, Snlhe Lesting Legults
of this exanple al'so show that deuteriumenriched rasagiline reduces the

f or mat i ohagfia netabokhntestinhi | @fmal @eaf af hgneesi hilhed plraspgiline  is
concentration- jf (g) O%I I e# % of non-deut erat e d rasagiline. 10 Exanple
5. AsseseiRAt 3 effie TR Fasali 1% J(rﬂ’%rrpounds 1, 2 and 3)
Rasagi | i ne has been shovvn to be active agai nst various diseases in various
nodel s, for exanple, as described in U S. Patent No. 5,387,612. 15 In this
exanpl elhCohPelAEE TeSP1tan@ 13 ﬁj’sﬂéd T Rkepated 866 HORG t@?%tr@eflﬁ%cesses
describ a estﬁgﬁctl h %{? 2 and
3 are |%gr%/?%%gl r@éﬁs%leﬁjm ng t h eé S %CS} etslgﬁ’lf:begl n Patent No.
20 5, 38h 61 andnaréeneagh afoumiﬂtar hlai/esmarrr:bacea(thrawbyl -nher qmqfaﬂed to
the activity of rasagiline which is not deuterium enriched. Based on
the sinf? a?l%/?g/ %j% 1?@7 E/eW?%dr%%%%?erfée dosi ng 25 paraneters for
deuteriumenri ched rasagiline are devel oped. WO

2012/ 058219PCT/ US2011/ 057698
10 Example 5: Assessment of efficacy of deuterated rasagiline

(Compounds 1, 2 and 3)

Rasagiline has been shown to be active against wvarious
diseases in various models, for example, as described in U.S.
Patent No. 5,387,612.
15
In this example, Compounds 1, 2, and 3 wused are prepared
according to the processes described in Examples 1, 2, and 3,
respectively. Each of Compounds 1, 2 and 3 are individually
tested wusing the models as described in U.S. Patent No.
20 5,387,612 and are each found to have similar activity when
compared to the activity of rasagiline which is not deuterium

enriched.

Based on the similarity of activity with rasagiline, dosing

25 parameters for deuterium-enriched rasagiline are developed.



- 38 - Wiat is clainmed is: 1. A deuteriumenriched conpound having the
structure: or a pharmaceutically acceptable salt thereof, wherein R1-R3
are i ndepeocderdsg2ibl or D, and wherein at | east one of RPCRAIS2GI1OE16PEri UM
enriched. 2. The deuteriumenriched conpound of claim1l or a
pharmaceutically acceptable salt thereof - wherein RL is deuterium enriched,
and each of R2 and R3 is H 3. The deuteriumenriched conpound of claim1l
or a phghipceutitad hdgacseptable salt thereof, wherein RL is H and each of
R2 and R3 1s deuteriumenriched. 4. The deuterium enriched conmpound of
claim 1l or aA pheurpeceutieat 1 yhad ceptiabhed sadtitdherleof st wherere: each of R1,
R2 and R3 is deuteriumenriched. 5. The deuterium enriched conpound of any
one of clainms 1 to 4 or a pharmaceutically acceptable salt thereof, wherein
the at | east one of RI-R3 is griumenriched to have an isotopic purity
of at |east 10% 6. The de Hﬂ’vnriched conmpound of any one of clains 1
to 4 or a pharnmaceutical |l y acgept@gbl e salt thereof, wherein the at |east
one of R1-R3 is deuterium enri¢hed toRQave an isotopic purity of at |east
50% WD 2012/ 058219PCT/ US2011/ Q%769& - 39 - 7. The deuterium enriched
conpound of any one of clains 1 to 4\dB a pharnmaceutically acceptable salt
t hereof, wherein the at |east one of -R3 is deuteriumenriched to have an
isotopic purity of at |east 70% 8. e deuteriumenriched conpound of any
one of clainms 1 to 4 or a pharmaceutically acceptable salt thereof, wherein
the at least one of RI-R3 is deuteriumenriched to have an isotopic purit
of at |east $0% 92T GEULETT Hn SrT TENGA. Corpotnd o1 &Ry one of ¢l aims 1
to 4 or a phaiebstut Rcakl yaasceptaddensal il her eof , pphenei nwhbecah lgast
one of R1-R3 is deuteriumenriched to have an isotopic purity of at |east
95% 10. Thel@eut e?tun? enfidhedScERPEGRAVB SBAYCBRE -of clains 1 to 9, in
the formof free base. 11The deuterium enriched conpound of any one of
claime 1 to 9, inthe formof a pharnaceutically acceptable salt, wherein

t he phaZ nacelit¢ cabkytaccept abreisdldd | scompeat@d bfomdllengr oup consiasti ng
of citrate, sylate, nmaleate, nalate, fu at tannate, tartrate, .

esyl ate. pt O ERHELTY bhat oL ¥ baRsGREE Boet ol o, THRGENAL &/ HORE bt & arid

sul fate sal t§euterium enriched, and each of R, and R; is H.

3. The deuterium enriched compound of c¢claim 1 or a
pharmaceutically acceptable salt thereof, wherein R; is H,

and each of R; and Rs is deuterium enriched.

4, The deuterium enriched compound of c¢claim 1 or a
pharmaceutically acceptable salt thereof, wherein each of

Ri, Ry and Rs is deuterium enriched.

5. The deuterium enriched compound of any one of claims 1 to
4 or a pharmaceutically acceptable salt thereof, wherein
the at least one of R;-R; is deuterium enriched to have an

isotopic purity of at least 10%.

6. The deuterium enriched compound of any one of claims 1 to
4 or a pharmaceutically acceptable salt thereof, wherein
the at least one of R;-R; is deuterium enriched to have an

isotopic purity of at least 50%.



12. The deuterium enriched conmpound of claim 11, in the formof a nesylate
salt or a citrate salt. 13. A pharnaceutical conposition conprising the
deut eri unwenwi2isgrioconpound of any one of clainms 1-12, @CTAIS20MD057698

2012/ 058219PCT/ US2011/ 057698 - 40 -

pharmaceuti cal | yaccept abl esal tt her eof , anda3zphar maceuti cally acceptabl e
carrier. 14. A mxture of at least two different deuteriumenriched
conmpounds, each conpound having the structure: or pharmaceutically
acceptabl e salts thereof, wherein RlL- R3 are independently H or deuterium
enri ched. 15Thdhdenixtive ehrcthedn ddppwhedeph atyl east odnelefintshd dto | east

two deuteriumenriched conpounds -.has the structure: phar.maceuti cal |y
oentabl & o BL e R RN eSS Sh el 1.4 PhaRaPer a1t Y one
of the at |easd fwoldeut exhsimenki-ched sCorPEWIdSiNas ke st UCtHIRS aror

pharmaceutical ly acceptable salts thereof. WD 2012/058219PCT/ US2011/ 057698
- 41 - isotopic purity of at least 70%.

8. The deuterium enriched compound of any one of claims 1 to
4 or a pharmaceutically acceptable salt thereof, wherein
the at least one of R;-R; 1s deuterium enriched to have an

isotopic purity of at least 90%.

9. The deuterium enriched compound of any one of claims 1 to
4 or a pharmaceutically acceptable salt thereof, wherein
the at least one of R;-R; is deuterium enriched to have an

isotopic purity of at least 95%.

10. The deuterium enriched compound of any one of claims 1 to

9, in the form of free base.

11. The deuterium enriched compound of any one of claims 1 to
9, in the form of a pharmaceutically acceptable salt,
wherein the pharmaceutically acceptable salt is selected
from the group consisting of citrate, mesylate, maleate,
malate, fumarate, tannate, tartrate, esylate, P-
toluenesulfonate, Dbenzoate, acetate, phosphate, oxalate

and sulfate salts.

12. The deuterium enriched compound of claim 11, in the form

of a mesylate salt or a citrate salt.

13. A pharmaceutical composition comprising the deuterium

enriched compound of any one of c¢laims 1-12, or a



or pharmaceutically acceptable salts thereof. 18. A pharnaceuti cal
conposition conprising the m xture of any one of clains 14-17, or a

phar macewODcaldogsrecept abl e salt thereof, and a phar maceariusadlipsmegsept abl e
carrier. 19. A nethod of treating a neurodegenerative disorder in a

subj ect i nneedt her eof , t henet hodconpri si ng-pepi edically adm ni stering to the
subject in need a therapeutically effective anount of a dosage form

Compr i si ng_ 35, 2 A6Lhvecd oy edi gutefbe, deut exlum enthehed scompaynd of; any
one of claims 1-12, or a pharmaceutically acceptable salt thereof, thereby
to effectiveplyatmeatut hea supj @ctep2d ldheametdod of claim 19, wherein the
therapeutically effective amount of the base form of the deuteriumenriched
conmpound is 0.2-2.5 ng per day. 21. The nethod of claim 20, wherein the
therapewtj cahl yighheet iye amoudaHf the baserdin ofietiberdent eriumrey i ched
compound is 0.5 ng per day. 22. The nethod of claim 20, wherein the

t her apeut i cafPRP @ &Lt | YanDUMROWRd t eV bag et Ror it BACEWES deut eri um enri ched
conmpound is 1 ng per day. WD 20 058219PCT/ US2011/ 057698 - 42 - 23. The
met hod of claim 20, wherein the ti cally effective amount of the
base formof the deuteriumenric appound is 2 ng per day. 24. The

nmet hod of any one of clainms 19-23, 3pei n § he dosage formis an oral
dosage form 25. The nethod of any one. 2ai ms 19-23, wherein the dosage
formis a transdermal patch. 26. The et h§tRof any one of clains 19-25,
wherei n the neurodegenerative di sorder is\\selected fromthe group

consi st i ngof Par ki nson' sdi sease, Rest | essLeé

Syndrone, Mul 41 pbeSystesnt i ophyyPregepssbve Supranutieadof, wherein Ri-

Pal sy, G auconma, Macul ar Degenerati on, Heari ngl oss, Reti nitisPi gnmentosa, and

O factory DyBf @& il6KerERdeTHe gt lod Bt ATEUR 26 C Wi&ei n t he

neur odegener ati ve disorder is Parkinson's disease. 28. A nethod of reducing
the rate of progression of Parkinson's disease in an early stage

Par ki nsbn! s Theseasetpati et ,cltshen net hodheoapni sitng geerti oolieabfy the at
admnistering to an early stage Parkinson's diseas atjent an anmount of
the deut eri UPFLnt | CRAC EOrPbURG BF* Hy- ore BICRIaT 1. 19 o & tore:
pharmaceutically acceptabl e sal tr f, effective to reduce the rate of

progression of Parkinson's di seaf he early stage Parkinson's disease

patient.

or pharmaceutically acceptable salts thereof.

16. The mixture of claim 14, wherein at least one of the at

least two deuterium enriched compounds has the structure:

or pharmaceutically acceptable salts thereof.

17. The mixture of claim 14, wherein at least one of the at

least two deuterium enriched compounds has the structure:



29. A process for the preparation of a deuteriumenriched conpound havi ng

t he structure:

R2 and R3aweare1zossHpendently H or D,

with Li ALD4 in the presence of a solvent to obtain
am noi ndan;
am noi ndan using a chiral

obtain racem c N-propar gyl
N- pr opar gyl
conmpound. 30. The process of clain
di ethyl ether. 31. The process o
steps of: i) reacting triethyl

H'

2012/ 058219PCT/ US2011/ 057698

WO 2012/ 058219PCT/ US2011/ 057698 -

43 -
t he process conpri siPAE/USE)11/08mes i ng

wherein R1L is D and

9

chloride in the presence of a first @ﬁ”yen[Dto obtain

/

H

h) converting to
and4in) -separating the racemc

separation nethod to obtain the

wherein in step a), the solvent is
29 or 30, wherein step b) conprises
h 4-nitrobenzene-1- sulfonyl

WO

D

\

or pharmaceutically acceptable salts thereof.

18. A pharmaceutical

any one of claims 14-17,

salt thereof,

19.

subject in need
periodically

therapeutically

composition comprising the mixture

A method of treating a neurodegenerative disorder
thereof,
administering

effective

of

or a pharmaceutically acceptable

and a pharmaceutically acceptable carrier.

in a

the method comprising

to the subject in need

of

a

amount a dosage form

comprising as an active ingredient the deuterium enriched

compound of any one of claims 1-12,

acceptable salt thereof,

subject.

20. The of claim

of

method
effective amount

enriched compound is 0.

21. The of claim

of

method
effective amount

enriched compound is 0.

22. The of claim

of

method
effective amount

enriched compound is 1

19,
the

or a pharmaceutically

thereby to effectively treat the

the
of

wherein therapeutically

base form the deuterium

2-2.5 mg per day.

20,
the

the
of

wherein therapeutically

base form the deuterium

5 mg per day.

20,
the

the
of

wherein therapeutically

base form the deuterium

mg per day.



N2 ; ii) reacting in the presence of a second solvent to obtain
and iii) reacting
WO 2012/058219 PCT/US2011/057698
— 42 —

23. The method of c¢laim 20, wherein the therapeutically
effective amount of the base form of the deuterium
enriched compound is 2 mg per day.

24. The method of any one of claims 19-23, wherein the dosage
form is an oral dosage form.

25. The method of any one of claims 19-23, wherein the dosage
form is a transdermal patch.

26. The method of any one of claims 19-25, wherein the
neurodegenerative disorder 1is selected from the group
consisting of Parkinson's disease, Restless Legs
Syndrome, Multiple System Atrophy, Progregsive
Supranuclear Palsy, Glaucoma, Macular Degeneration,
Hearing loss, Retinitis Pigmentosa, and Olfactory
Dysfunction.

27. The method of claim 26, wherein the neurodegenerative
disorder is Parkinson's disease.

28. A method of reducing the &rate of ©progression of
Parkinson's disease in an early stage Parkinson's disease
patient, the method comprising periodically administering
to an early stage Parkinson's disease patient an amount
of the deuterium enriched compound of any one of claims
1-12, or a pharmaceutically acceptable salt thereof,
effective to reduce the rate of progression of
Parkinson's disease of the early stage Parkinson's
disease patient.

29. A process for the preparation of a deuterium enriched

compound having the structure:

NC2



N2 wth an organic acid in the presence of a third solvent to obtain
racem ¢ N-propargyl am noindan. 32. The process of claim 31, wherein each
of the fiwetopdalssmnt and t he second solvent is DCM and Phe/ushindsmos vent is
DMF. WD 2012/ 058219PCT/ US2011/ 057698 - 45 - 33. The process of claim 31,
wherein in step iii) the organic is 2-nercaptoeacetic acid. 34. The process
of claim?29 or 30, wherein step b) conprises steps of: i) reacting wth

di phenyl phosphorazedate and DBU in the presence of a first solvent to
obtain N3; i) reacting

wherein R; is D and R, and R; are independently H or D,

the process comprising:

CR

(6]

g) reacting

with LiAlDs; in the presence of a solvent to obtain

D OH

h) converting

D OH

to obtain racemic N-propargyl aminoindan; and
i) separating the racemic N-propargyl aminoindan using a

chiral separation method to obtain the compound.

30. The process of claim 29, wherein in step a), the solvent

is diethyl ether.

31. The process of claim 29 or 30, wherein step b) comprises
steps of:

i) reacting triethyl amine with 4-nitrobenzene-1-

sulfonyl chloride in the presence of a first solvent

to obtain



DN3 with hydrogen gas in the presence of a second solvent and a catalyst to
obtain N -12; and iii) reacting WD 2012/058219PCT/US2011/057698 - 46 -
35. The pwocemw®ssfiocl ai m 34, wherein each of the first a&od/ushémasmos vent is
THF and the second solvent is MeOH 36. The process of claim 34, wherein in
step ii) the catalyst is Pd/C. 37. The progess of any one of clains 29-36,
wherein the chiral separation nethod is SFC or chiral preparative HPLC in
conbination with SFC. 38.0A pkocess for the preparation of a conpound
having the structure: or arnaceutlcally acceptabl e salt thereof,
wherein Rl is H and R2 and are |ndependently H or D, and wherein at

| east one of R2 and Ndeut enri ched, the process conprising: a)
reacting nethyl pr ol ate wi ‘AE” in the R3 presence of a first
solvent to obtain

ii) reacting

\/

/

D oH with NO,

in the presence of a second solvent to obtain

NO,
o\\S
VN
,
// ; and
iii) reacting
NO,
o\\S
N

with an organic acid in the presence of a third

solvent to obtain racemic N-propargyl aminoindan.

32. The process of c¢laim 31, wherein each of the first
solvent and the second solvent 1s DCM and the third

solvent 1s DMF.



b) reacting R3 WO 2012/ 058219PCT/ US2011/ 057698 - 47 - with TsCl and a
base in the presence of a second solvent R3 R2) TsO
WO 2012/058219 PCT/US2011/057698

_45_

33. The process of claim 31, wherein in step 1ii) the organic

is 2-mercaptoacetic acid.

34. The process of claim 29 or 30, wherein step b) comprises
steps of:

i) reacting

with diphenyl phosphorazedate and DBU in  the

presence of a first solvent to obtain

D Ny

r

ii) reacting

D Ns
with hydrogen gas in the presence of a second

solvent and a catalyst to obtain

D NH,

iii) reacting

Rs
Ro —_—

NH; with DBU and TsO in
the presence of a third solvent to obtain

racemic N-propargyl aminoindan.



to obtain ; and c)reacting R3R2 --.7 TsO with (R)-1-am noi ndan
in the presence of a third solvent to obtain the conpound. 39. The process
of cl ai m86,201s8BPn in step b) the base is solid KOH 20T/Ush@1psmeess of
claim 38 or 39, wherein each of the first and second solvent is ethyl ether
and the third solvent is THF. - 46 -

35. The process of claim 34, wherein each of the first and

third solvent is THF and the second solvent is MeOH.

36. The process of claim 34, wherein in step ii) the catalyst
is Pd/C.
37. The process of any one of claims 29-36, wherein the

chiral separation method is SFC or chiral preparative

HPLC in combination with SFC.

38. A process for the preparation of a compound having the

structure:

or a pharmaceutically acceptable salt thereof, wherein R;
is H and R; and R; are independently H or D, and wherein
at least one of Ry; and Rz is deuterium enriched,

the process comprising:

a) reacting methyl ©propiolate with LiAlD, in the

presence of a first solvent to obtain HO ;

b) reacting

Rs3

-

HO



39.

40.

to obtain the compound.

The process of claim 38,

solid KOH.

The process of claim 38 or 39,

wherein in step Db)

WO 2012/058219 PCT/US2011/057698
— 47 —

with TsCl and a base in the presence of a second solvent

R;

Ro —_—
to obtain TsO ; and
c) reacting
R;
R, -
TsO

with (R)-l-aminoindan in the presence of a third solvent

the base 1is

wherein each of the first

and second solvent is ethyl ether and the third solvent

is THF.



