584-204- WD WD 2012/ 028635PCT/ EP2011/ 064954 1 DEUTERATED ANALOGS OF

PRI DOPIBI"NE USEFUL AS DOPAM NERG C STABI LI ZERS 5FI ELD OF THE | NVENTI ON The
present iweentdmgepr ovi des novel deuterated anal ogs of Pcrdwppidion®ssi. e

4- ( 3- met hanesul f onyl - phenyl ) - 1- propyl - pi peridine. Pridopidine is a drug
substance currently in clinical devel ognent for the treatnent of
Huntington's di sease. 10l n other aspects the invention relates to

phar maceuti cal comnposidy i SN og of Pridopidine
of the invention, and Q%ﬂﬁﬁmﬁ'ﬁﬂgﬁ’%§% Fﬁéa%ﬂﬁm%se anal ogs.
BACKGROUND OF THE | NVRERNSEEML1AS DOPAMINERGICGSTABILKERS cal | ed "heavy
hydrogen”, is a stable isotope of hydrogen with a natural abundance in the

oceans of Earth of approximtely one atomin 6,500 of hydrogen (-154 ppn).
Deuterium thus accounts for approximately 0.0154% (alternately, on a nass

basi sz 0.0308% of all natur@#EYDOFTHE NVENTIONEN in the 20 oceans on
Earth. The nucl eus of deuterium called a deuteron, contains one proton and

one neutron, whereas the hydrogen nucl eus contains no neutron.
Deut eri um f or neTh®psent trveatohprovided novdl dateratecbahalogs of Pedopidme, asd are

my b S dre bl e BAe R AR AREud e G IE B Bl o o°
| ncor poeutténity inslidicat devalopmanpioadiee trfeammtdgéiuntm@onm;ﬂlaeﬁpeove t he
phar ggcodynan qn%iﬁ?rggsjﬁé&é?m@ |H%ht?orPFéPétbls?§l|oHBrrﬁééQﬁrca B&%gB@uﬂbﬁ ing the

metabolic fate et al nj harmacol ogi c activit selectivity

of phys$NBYSEaA c}etaeﬁat%aeamﬁm@o%n@@f thevantigs a1 ARSI i vel y

i mpact gedlrkyionsbf tHedel Hr tolerability. Pridopidine, i.e.

4- (3- met hanesul f onyl - phenyl’) - 1- propyl - pi peri di ne, a 30 dopami nergic
stabilizer currently in clinical developnent for the treatnent of

Hunti ngton's di sease. TheBACKGROWND QfeTHE INENTIQNg. WO 01/ 46145, and in
e. m 2006/ 040155 an alternative nethod for its synthesis is described.

Y OF THE | NVENTI ON 35 _ _
Deuterium, also called "heavy hydrogen", is a stable isotope of hydrogen

with a natural abundance in the oceans of Earth of approximately one atom in 6,500 of
hydrogen (~154 ppm). Deuterium thus accounts for approximately 0.0154%
(alternately, on a mass basis: 0.0308%) of all naturally occurring hydrogen in the

20 oceans on Earth. The nucleus of deuterium, called a deuteron, contains one proton
and one neutron, whereas the hydrogen nucleus contains no neutron.

Deuterium forms bonds with carbon that vibrate at a lower frequency and
are thus stronger than C-H bonds. Therefore "heavy hydrogen" versions of drugs may
be more stable towards degradation and last longer in the organism. Incorporating

25 deuterium in place of hydrogen thus may improve the pharmacodynamic and
pharmacokinetic profiles of drugs, thus modifying the metabolic fate, while retaining
the pharmacologic activity and selectivity of physiologically active compounds.
Deuterated drugs thus may positively impact safety, efficacy and/or tolerability.

Pridopidine, i.e. 4-(3-methanesulfonyl-phenyl)-1-propyl-piperidine, a

30 dopaminergic stabilizer currently in clinical development for the treatment of
Huntington's disease. The compound is described in e.g. WO 01/46145, and in e.g.
WO 2006/040155 an alternative method for its synthesis is described.

SUMMARY OF THE INVENTION
35
The object of the present invention is to provide analogs of Pridopidine with
improved pharmacodynamic and pharmacokinetic profiles.
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deuterium substitu

R R e S N
2012/ 02ia6ErPQIa BRaGH MdtetdBvethod comprises the step of administering to such a living
15 animal body in need thereof a therapeutically effective amount of a deuterated analog
of 4-(3-methanesulfonyl-phenyl)-1-propyl-piperidine according to the invention, or a
pharmaceutically acceptable salt thereof.
Other aspects of the invention will be apparent to the person skilled in the
art from the following detailed description and examples.
20

DETAILED DESCRIPTION OF THE INVENTION

Deuterated analogs of Pridopidine
In its first aspect the present invention provides deuterated analogs of
25 Pridopidine. The deuterated analog of the invention may be a fully or partially
deuterium substituted derivative. The deuterated analog of the invention may in
particular be characterised by Formula |



3 (Ilzogr a pharmaceutically acceptable salt thereof, wherein at |east one
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of the invention the R a'ﬁcs of deuteriumat that position is at |east
3500 (52.5% deut erium i ncorgoratien), @t | gast 4000 (6p% deut erium
i ncorporation), at Ieasg){ét S Rdute“ffikﬁni corpgration), at |east
5000 (75% deuterium, at A 0 i i rporation), at
| east 6000 (90% deuterij) 3.3 15 (95% deuterium
i ncorporation), at |eaS8t—646. D79 6rpdtation), at |east
6600 (99% deut eri um i ncor po [ 633. 3 (99. 5% deuterium
i ncor poration). n a \preg'érned € bodi ment the deuterated anal og
of the inventionis a conﬁgund ot'®Formukd R, or a pharnmaceutical ly
acceptabl e salt thereof, wherein 20RlL - R2 represent deuterium (D); and all
of R3 - R23 represent hydrogen (H). I n anot her preferred
embodi ment the deuterated anal og of thg invention is a conpound of Formila
|, or a pharnmaceutically acceptable salt thereof, wherein at |east one of
Rl - R7 represedapdaumacautical\Daccepiabl2sEidhewahi winerginof R1 - R23 represent
hydrogen (. at least one $fR®- R fbrd ShebabRfiDAS HRat the deuterated
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anal og of the invention I's _a.conp or a pharmaceutically
accept abl e sal ttheFemssing RhEr eifn appPregentydroggn K'é})r esent deuterium (D);

and 5 In the context of this invention, when a particular position is designated as
holding deuterium, it is understood that the abundance of deuterium at that position is
substantially greater than the natural abundance of deuterium, which is about 0.015%.
In a preferred embodiment the abundance of deuterium at that position is at
least 3340 times greater (i.e. at least 50.1% incorporation of deuterium) than the
10 natural abundance of deuterium. In other preferred embodiments of the invention the
abundance of deuterium at that position is at least 3500 (52.5% deuterium
incorporation), at least 4000 (60% deuterium incorporation), at least 4500 (67.5%
deuterium incorporation), at least 5000 (75% deuterium), at least 5500 (82.5%
deuterium incorporation), at least 6000 (90% deuterium incorporation), at least 6333.3
15 (95% deuterium incorporation), at least 6466.7 (97% deuterium incorporation), at least
6600 (99% deuterium incorporation), or at least 6633.3 (99.5% deuterium
incorporation).
In a preferred embodiment the deuterated analog of the invention is a

compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein
20 R' - R? represent deuterium (D); and
all of R® - R represent hydrogen (H).
In another preferred embodiment the deuterated analog of the invention is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein
at least one of R' - R’ represents deuterium (D); and
25 the remaining of R' - R?® represent hydrogen (H).
In a third preferred embodiment the deuterated analog of the invention is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein
all of R' - R represent deuterium (D); and
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aII ofR R and R’ represent hydrogen (H).

In a sixth preferred embodiment the deuterated analog of the invention is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein

R'" - R?® represent deuterium (D); and

all of R' - R'® and R?' - R?® represent hydrogen (H).

Any combination of two or more of the embodiments described herein is
considered within the scope of the present invention.

Pharmaceutically Acceptable Salts

The deuterated analog of the invention may be provided in any form
suitable for the intended administration. Suitable forms include pharmaceutically (i.e.
physiologically) acceptable salts, and pre- or prodrug forms of the deuterated analog
of the invention.

Examples of pharmaceutically acceptable salts include, without limitation,
the non-toxic inorganic and organic acid addition salts such as the hydrochloride, the
hydrobromide, the nitrate, the perchlorate, the phosphate, the sulphate, the formate,
the acetate, the aconate, the ascorbate, the benzenesulphonate, the benzoate, the
cinnamate, the citrate, the embonate, the enantate, the fumarate, the glutamate, the
glycolate, the lactate, the maleate, the malonate, the mandelate, the
methanesulphonate, the naphthalene-2-sulphonate, the phthalate, the salicylate, the
sorbate, the stearate, the succinate, the tartrate, the toluene-p-sulphonate, and the
like. Such salts may be formed by procedures well known and described in the art.

Other acids such as oxalic acid, which may not be considered
pharmaceutically acceptable, may be useful in the preparation of salts useful as
intermediates in obtaining a deuterated analog of the invention and its
pharmaceutically acceptable acid addition salt.

Examples of pharmaceutically acceptable cationic salts of a deuterated
analog of the invention include, without limitation, the sodium, the potassium, the
calcium, the magnesium, the zinc, the aluminium, the lithium, the choline, the lysinium,
and the ammonium salt, and the like, of a deuterated analog of the invention
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chr omat BEHI@BIB&I a%ﬂvﬂ&c- Bi ol ogi cal activity
WO 01/46145, WO 01/46146, WO 2005/121087, WO 2007/042295 WO
2008/127188 and WO 2008/155357 all describe substituted 4-phenyl-N-alkyl-

25 piperazines and 4-phenyl-N-alkyl-piperidines, reported to be modulators of dopamine
neurotransmission, and to be useful in treatment of symptoms of various disorders of
the central nervous system. The deuterated analog of the invention is considered
useful for the same medical indications as described in these publications, and these
publications therefore are incorporated by reference.

30 Neurological indications contemplated according to these publications
include the treatment of Huntington’s disease and other movement disorders, as well
as movement disorders induced by drugs.

Therefore, in a preferred embodiment, the invention relates to the use of
the deuterated analog of the invention for use as a medicament for the treatment of

35 Huntington's disease.



WO 01/46145, WO 01/46146, WO 2005/121087, WO 2007/ 042295 WO 2008/ 127188 and
WO 2@6@%1‘@5357 all describe substituted 4-phenyl-N-al kyl - 25 pi perazi nes
and 4- phewyl20id/@kdsy! - pi peri di nes, reported to be nodul atorsrediidepadri ne
neurotransm ssion, and to be useful in treatnent of synptons of various

di sorders of the central nervous syste@m The deuterated anal og of the
invention is considered useful for the sanme nedical indications as

descri bﬁﬂ?hﬂaégﬁﬁ&rﬂere'h] (eb%%%ﬂiurand these publications therefore are

i ncor porate _ ol ogi cal indications contenplated
accordi ng to thésweglhm cmothersasipect indenvértian pravidestdafterated angloga faer

di sease,gngs %éb%arﬂ@ﬁt%”‘?ﬁéréi’br%oFrpéﬁétheﬁé?ﬂ\é‘ét th%%rr}g&‘gﬁﬁ?ﬂrovﬁi e3HdRI s | nduced

by drugs , the 1 nvention

r el at esPR@MaseUtisa W@M'W%ﬁ@ﬁ@ﬂg@dﬁ?@f%‘ﬁ'cﬁ|ﬁéeﬁ$ﬁﬁé’ﬁtqrﬁ‘humt&f thee as a
medi cangdh &g}ﬁd bheineadtigent of 35 Huntington's di sease. 584-204-WO WO
2012/ 02863 PCT/ 011/ 0 armaceut i c rrpos: tions Vi ewed
rom another adElE & dREREAENaRaT A8 delon fah Groln RABRIGEAY B8 use as
nmedi canadrhsistérest ieftbe éorm of treotahecorappend,, it isherefenreshtol introguce treeactivev el

phat recayrdcial SATBOTH S (GANBY S BhGoRd Ry REULIGR Ly 51 Gect ve amount

of the 5%c0 _ he inve deu erated anal og of
t he i nvelmrmaceutcalesenpaesitioreiogeinarayitihenagnimdre Rgiu@nts exspigrdsgastietshe raw

CO”p%mlS’uffér*s dnﬁJe?ﬁ@faEr‘Tdr/&doth@r bﬁtbﬁ*@'ﬁﬁﬁhéﬁﬁa%&tia&%uﬂ@éﬁ&' ent, optionally in

the form of physi ol ogi ca accepta b | har ITB.CEUtI cal
conposi tion tod:) fi‘fgia%ult'ﬁakﬁ%nms'tﬁ@iseOfaIBFdWﬁﬂt@n r@g—{y;irbpgr,t,rpglar@gr riers, 10

buf f er sforgluldiemn s deabfbed mW@mmmM@nary pharmaceutical auxiliaries.
Phar maceut i cal 0s t he i nveption art.ic lar be
formilared ae doGbRrBsiEfn Sy Hesdar fortiatB ald sl F R md o,

t echni gwesdfiothd tatenjleai]tlamofdﬁelmamm"nsﬁhamaoauh@aj Smericcmr(Maamkchdolllsbtr@st
edi t i pn~Qf n's Pharmaceutical Sciences (Maack Publishing 15 Co.,
Eas t%) C@’AE%PS%MM6 The dose admi nistered nust of course be carefully

adj ust ed to t heThgydosavargtitistaned ouisiirt Pewrssibe earefiiliiagiuried to#ienaoe r eat ed,
as wel |wé@h¥ Bﬁdrc@HH%oﬂfof@ﬁéﬂrwnﬁauéﬂbé?ﬁ%tréaﬁs%g@sfvwlr%sﬂﬂ% fogee BN, and the
resul t %ﬁl red g}x %Cgosa Sr@ocrﬁﬂse be && er m ed by the
pract i t AYRENS trafign 40529%, 1" ! @Beﬁ@ GAean %%@lty of the
di seaseddisagegshduﬂa@bedouraedbe detefrrhimea kimecbrsctrt&ine@n of the physi ci an, and f
varil e | (0] L. Cl nces o
Ty s nvent  on 118 APBALAE R SRNI T Tl And Bl BY P g s LR
pr esent frgatednares witkid thé aisqétiomeitcthetphyaiciay rqusmay dmwar@dtw Mtrattymcbf from
bout t - t
abou ;%}e)c}jd%%%}é to 709 ga.cﬁgad%uggtéﬁwf%g'tﬁ@ .n@@rﬁ.o%ﬁo ol ULt adlg

prefer rom about to om about
25 to a‘lﬁ‘@(ﬁ‘p%@'crﬁjfecér@\@%ﬂraﬁIl%pﬁﬁenf'héP@k?éTﬂR'ﬁkedtth@bPrr\@m%CeuT'ﬁ@' daily dose

wi I predripaditigndeomdiin 6t Rb®abdut NG A BOOIRS @Y BStivie ingrédibhties dai ly.
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Methods of Therapy

30 In another aspect the invention provides a method for the treatment,
prevention or alleviation of a dopamine mediated disorder of a living animal body,
including a human, which method comprises the step of administering to such a living
animal body in need thereof a therapeutically effective amount of the deuterated
analog of the invention.

35 In a preferred embodiment the dopamine mediated disorder is Huntington's
disease.
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The invention is further illustrat exanpl es bel ow, which in no way
are intended to limt the scope of the invention. 5 Exanple 1 Preparatory

exanpl e 4-( 3-

et ot TR rbBe Wk SR bR TP oy 1
(0. 49 ¢jre 'amdfdlt@dfﬁﬁfrté‘ﬁaiwpépf(“@e WGQ)'O'&re m xed and heated in mcrowave
oven §or 30 mn at 120C. The mxture is filtered and evaporated to dryness
and purtfl ed oq silica colum using iso-octane: Et0Ac (1:1) containing 5%

NEt 3 asEXPRE T After evaporation of the fractions with pure product, the
resi duePrqoaratdvyssdmplﬂz in Et0OAc and washed with a 10% Na2CO3 sol ution. The

or gani C4;g§—?\ﬁ&hgﬁei§% RbRENANY-Hbb a7 Bind kNP filtered and

evapor ne is then converted to

the HO salt, zhB-MetbapesuionyreledybpipEridiReRD28 gMGH3ANE4 19RdCOs
584- 294(0\.’5@ g), and 1-lodopropane-d7 (0.19 g) are mixed and heated in microwave oven for

30 min at 120°C. The mixture is filtered and evaporated to dryness and purified on
silica column using iso-octane:EtOAc (1:1) containing 5% NEt; as eluent. After
evaporation of the fractions with pure product, the residue is re-dissolved in EtOAc

and washed with a 10% NaxCO3; solution. The organic phase is separated and dried
15 with Na;SOQy, filtered and evaporated to yield pure product (0.33 g). The amine is then
converted to the HCI salt, and re-crystallized from EtOH:Et,O. M.p. 198-199°C.
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repr esent hP/dro en ter anal og accordl

cl ai m 1Progy!-aiPgREINeERIRSEEHR] Y BOBBPIEabI e sal t t her eof, wher ein all of RL -
R7 represent deuterium (D); and 25all of R8 - R23 represent hydrogen (H).
5. The deuterated anal og according to claim1l, or a pharnmaceutically
acceptabl e salt thereof, wherein 584-204-W WO

2012/ 028635PCT/ EP2011/ 03243954

R21 RZZ
. o)

(h

or a pharmaceutically acceptable salt thereof, wherein

at least one of R" - R? represents deuterium (D); and
10 the remaining of R' - R?® represent hydrogen (H).

2. The deuterated analog according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein
R' - R? represent deuterium (D); and
15 all of R® - R represent hydrogen (H).

3. The deuterated analog according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein
at least one of R' - R’ represents deuterium (D); and
20 the remaining of R' - R?® represent hydrogen (H).

4. The deuterated analog according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein
all of R' - R represent deuterium (D); and
25 all of R? - R represent hydrogen (H).

5. The deuterated analog according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein



9 R8534'2%%WOR19 and R' represent deuterium(D); and all of RlL - R7 and R12 -
R23 Tepresent hydrogen (H). 6. The deuterated anal og accordi ng

to cl ai mo 2or2/@8@bBar maceutically 5 acceptabl e salt therewfEr20th@s5n - 12
1-( represents deuterium (D); and all of RL - R'" and R13 - R23 represent
hydr ogen (H). 7. The deut & ated anal og according to claiml1,
or a pharmaceutically 10 acceptable salt thereof, wherein RL7 -20 1-(

represent deutess ; 1 - F d 1 - R23 represent
hydr ogen (H). R w’f@f”@e ﬁ%ﬁ}%’ﬂr@%ﬁ?ﬁ%@l@o sition, conprising a
t her apeut i cal | yalesffRtt Rl engsR'amRMrepesantlydregan ¢d).anal og of

4- ( 3- met hanesul f onyl - phenyl ) - 1- propyl - pi peri di ne according to any one of

claims 1-7, or a pharnmaceutically acceptable salt thereof, together with at
| east one phar fackif fudprraied @paiceancerdingte slaimek Qr RivaMACeYlicabnt .

9. The gesdppdlsie editanalces vherém( 3- net hanesul f onyl - phenyl ) - 1- propyl 20

pi peridi ne accaorgi ng to any one of ¢l ai 1-7, or a pharmaceutically

accept abl e sal ﬂ{zt Hgagq)slep?q %‘?UtGQHma@C)aa di canent . 10. Use of the
deut er at ed analalgofaRtoRdi agd RO® aRy® mpeesdntdiyarogerldy), or a phar maceutical |y
acceptabl e salt thereof, for the manufacture of a nedi canent. 25

11. A nethod for treatnent, prevention or alleviation of a dopam ne

medi at ed di sor derThsf deuterated @natsignegécopding to ickatmutiat@ pharmaaeutigalich net hod

CONMDFh SEScdritsl8 s8R tRéreddWdrler i ng to such a living ani mal body in need
t hereof a therapgutigall’ ective anmount of a deuterated anal og of

all'y eff
4- ( 3- met hanesul RomfR- rgeyeéﬁ@hgﬁyteﬂum@yﬁnsi peridi ne according to any one
of the clainms lafof Rt - R'Phad RECeREY eprbserttgepdgdn @)sal t t hereof .

8. A pharmaceutical composition, comprising a therapeutically effective
15 amount of a deuterated analog of 4-(3-methanesulfonyl-phenyl)-1-propyl-piperidine
according to any one of claims 1-7, or a pharmaceutically acceptable salt thereof,
together with at least one pharmaceutically acceptable carrier, excipient or diluent.

9. The deuterated analog of 4-(3-methanesulfonyl-phenyl)-1-propyl-
20 piperidine according to any one of claims 1-7, or a pharmaceutically acceptable salt
thereof, for use as a medicament.

10. Use of the deuterated analog according to any one of claims 1-7, or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament.
25
11. A method for treatment, prevention or alleviation of a dopamine
mediated disorder of a living animal body, including a human, which method
comprises the step of administering to such a living animal body in need thereof a
therapeutically effective amount of a deuterated analog of 4-(3-methanesulfonyl-
30 phenyl)-1-propyl-piperidine according to any one of the claims 1-7, or a
pharmaceutically acceptable salt thereof.



