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; SUMMARY OF THE INVENTION
~ [0003] One embodiment disclosed herein includes a method for the preparation of a
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WD 2006/ 037043 PCT/ US2005/ 034813 that includes reacting

(4-fl uorobenzyl)-(1-nethyl pi peridin-4-yl)amne of formula Il F/ O\ CHz-NH
NCH3 (U wth 4-(2-nethyl propyl oxy) phenyl net hyl -i socyanate of fornula

| CH H3C/ (/~r7777~~ [00041 In sonme erfqW 4g1bout 0.9
about qugé}z?w ents of the (4- T3S

uor obenzyl )-( - net hyl pi peri di n-4-yl)anine is used per eqU|vaIent of the
4- (2- net hyl propyl oxy) phenyl net hyl -i socyanat e. Some enbodi nents further
include isolating the conpound of fornula | after the reacting. In sone
enbodi ment g, ihdigie RAUtAE (ﬁ@u&&%ﬁﬁ%ﬁm@tﬂﬂblﬁ&&A SBdrkind @reoi@ raci d after the
reacting, 1solating the forned salt by solvent renoval, precipitation, or
both sol vent renoval and precipitation, adding the i-solated salt to a two
phase system conprising an or gay & Sol vent ph and an al kal i ne aqueous
phase, and obtai ning the conpourd _i@anN framchhe organic sol vent
phase. In sone enbodi nents, the ‘ fornlng a is selected fromthe
group consi sting of one or nore of t he follomnng m neral acids, nono- or
di carboxylic acids, and, sulfonic acids.fn sone enbodi nents, the pH of

t he agueous phase is greater than about 8.5. Im one enbodlnent this pHis
-obt ai ned by addi ng an ueous al kal ine netal hydroxide.In sone

enbodi ment with 6+ﬁfémptétdmomgwyi>®ewérrwséeﬁoematq o femeladlesence of an inert
organlc solvent. In sone= enbodinents, the solvent is selected fromthe
group' consisting of one or nore of the follow ng: aliphatic ethers,
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hydr ocar bons, and aliphatic C?YCCB—%”@&‘O‘HQ Remb%8i nents, the
reaction is carrled out at gc/tenperature f about -30 C to about 60 'C
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hyl ) carba .t hat a . Xsra wde ffrac ion n.co r|5|ng
peaks havi i 8““ v’éﬁ (afisa‘%ti>f(;r th%ﬁea%fnﬁol?ﬁ%atm ﬂ%\%’%‘i)?ﬂ (%?821 BEPY %éf%f%g 16(’?4 of
about 13. Obothlhlﬂwnt Eo @) aIE]hIDQﬁplt@tld]_i adding tite isblated salbwut twd pBase sbtstanntcompm;g and

about 4. 00, 40 | i form h| bi t
powder di f 5 nllcosﬁlvel%”?aesg A c co alkaltm% HECOXSé)thEJ avtl‘mmgélh eu§1§ Pﬁfo%uéas rons

of about 180 ,theaingmtc sdBerd phabolntsoxﬁe 8’,1bodimuﬂs the &t fabmgtacﬁzs seioted frofh. 2
) group consisting of one or more of the following: m_ineral acids, mono- or dicarboxylic acids, and.
sulfonic acids. In some embodiments, the pH of the aquéous phase is greater than about 8.5. In.
one embodiment this pH is obtained by adding an aqueous alkaline metal hydroxide.In some
embodiments, the reaction is carried out in the presence of an inert organic solvent. In some
embo&iments, the solvent is selected from the group consisting of one or more of the following:
aliphatic ethers, esters of aliphatic carboxylic acids, alcohols, lactones, halogenated
hydrocarbons, and aliphatic C;-C; ketones. In some embodiments, the reaction is carried out at a.
temperature from about -30 °C to about 60 °C,

[0005] Another embodiment disclosed herein includes a crystalline form of N-(4—
ﬂuorobenzyl)—N-(l-methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl) carbamides
that exhibits a melting point of ébout 124 °C, determined with Differential Scanning Calorimetry~
(DSC) at a heating rate of 10 °C/minute.

[0006] Another embodiment disclosed herein includes a crystalline form of N-(4—
fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N’-(4-(2-methylpropyloxy)phenylmethyl)  carbamide

that exhibits a X-ray powder diffraction pattern comprising peaks having d-values in angsiroms
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about 4.7, about 4.5, about 4.3, about 4.22, about 4.00, about 3.53, about
3.40, about 3.28, about 3.24, about 3.19, about 3.08, about 2.91, and
about 2.72. [00071 Anot her enbodi ment disclosed herein includes a nethod

for the pre aratlon of the above crystalline formincludi dj.ssol ving a
salt of aYOMPHHE*of formula | in water: IH3 NP CHs g@ﬂ%@%ﬁﬁﬁf H CH 2

CH 11 CH2 O adding an anount of an organic aprotic solvent to the agueous
salt solution sufficient to dissolve the conpound of forrmula I; adjusting

the pH of of theuathfbabart 3&P1abgw| Ak idbavt ¢4, boviat- %@b@ft 482, wdapbpututlo gnss by
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i sol at i nghewing dyadues (iangstrems efrabeg 13.9.0008 10.Prpbed e, depldtl, akavt 62, 3@?}65§al t of
the compoyng 8 468 A 9)0‘1’:4? aﬁouﬁ'@% ab&ﬁ“&bbaﬂo@ut%%btabom s aTenhe

further include extractin he aqueous solution wth the organic sol vent

and col | eéth‘r‘FQO‘ﬁﬁ{l%@F’@éﬁiog abﬂé@@é apd shopt 2B r enovi ng a part of the organic
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group consi sting of one or nore . | ow ng: fy rocarbons
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di scl osed herein includes a crystal ine formof N-(4-cy
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adding an amount of an organic aprotic solvent to the aqueous salt solution sufficient to
dissolve the compound of formula I

adjusting the pH of the aqueous salt solution to a value of at least about 8.5 by addition
of a base;

removing a part of the organic aprotic solvent;

cooling the remaining organic aprotic solution to less than 15 °C; and

isolating any precipitate formed.

[0008] In some embodiments, the salt of the compound of formula I is a hemi-
tartrate salt, Some embodiments further include extracting the aqueous solution with the organic
solvent and collecting all organic phases prior to removing a part of the organic solvent. In one
embodiment, the organic solvent is selected from the group consisting of one or more of the
following: hydrocarbons, halogenated hydrocarbons, esfers of aliphatic carboxylic acids,
alcohols, lactones, ethers, and aliphatic C,-Cg ketones.

[0009] Another embodiment disclosed herein includes a crystalline form of N-(4-
fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N’<(4-(2-methylpropyloxy)phenylmethyl) ~ carbamide
-produced by the process that includes dissolving a hemi-tartrate salt of a compound of formula I
in water: '
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addi ng an anmount of an organic aprotic solvent to the aqueous salt sol ution
sufficient to dissolve the conmpound of fonnula I, adjusting the pH of the
aqueous salt solution to a value of at |least about 8.5 by addition of a
base, extracting the aqueous solution wth the organic

col | ecti n&'%“f""@?@“ﬁni c phases, renoving a part of the grag)g\ré\?dgglg%rg%ti c

sol vent, cooling the remaining organic aprotic solution to less than 15 C,
and isolating any precipitate formed. 100101 Anot her enbodi nment di scl osed
herein is N-(4-fluorobenzyl)-N(1- _

met hy! pi pesdifdi A afhodt b M orfbahic(aproB SdRnPlo AR (R0 sad SR bR RYn) foRiLapd de

hem -tartrate of fornmula IV, CH3 N+ CH3 I&OCOZ F CHZ CH2 CeNH'\ CHZ
C02 Z || the comprynd of fariptinbradupting dhaeth pf BF sgucousedlt RErtnrio iavelug 682 lepshret hod
for the pﬁ‘t%gfa-g@tb:ycéﬂditim of a base, exfracting the aqueous solution with the orgamic solvent and -
N-(4-fluor obenzy%zi- N- (1- et hyl pi peridi n-4-yl)-N -(4-(2-nethyl propyl oxy)
pheny| met RSfleytingrdapigaric [pbares. tramevingt & pag ¥ SIEGC pRFdtier 9V, corbing diect i on
for synt hesiazi3%rdahie apeRIRRMB 109 ss 1A MIHA ald 18328 8H/ fr8HR20UR4. addi ng
tartaric acid after ~t%e reaction, and isolating the hem-tartrate salt

formed. In onelf8Hodi Aeether tdmbodiggntat disetpsechchueias ivbMNaérilvatgbemme)-Neini -
tartrate gami fp&@dﬂ@-yﬁ%@@{ﬁﬂq&&lﬁr%ﬁ@@ ablalmRAIHIatARIR! HepfilafhL acid. In
one enbodi manF, the “i'solating incl’udés precipitating the hem-tartrate
salt by cédsmiadV. sol vent renoval, adding a non- solvent, or a conbination
of these nmethods. 100121 Anot her enbodi nent di scl osed herein includes a
crystalline formof N (4- _

f 1 uor obenzyl ) - N- (1{met hyl pi per ggli n-4-yl ) - N - (4- (2- met hyl pr opyl oxy) phenyl net
hyl ) carbanmide hefi-tartrate_jhat exhibits a Xygay powdgr dichfraction
pattern conprising{peaks havihg™d-values in an@strofrs o out 18.6, about
16.7, about 10.2, ab 2, labolit 6.1, aho@k 4“8 shbout .49, about

4. 44, and about 3. 96. ne elbodi rrent e %Zray powder diffraction
pattern includes eaks™aw _ngnd-wad uesNia angstrons|of ab 18. 6, about
16.7, about 10.2, about 8.2 "abofit 7.°%% about 7.4, about 6.

% about 6. 2,
about 6.1, about 5|86, about 5.14, about 5.03, about|4.78, about 4.69,
about 4.63, about 4.49, about 4.44, about 4.35, about 4.10, about 3.96, and
about 3.66. [00131 In one enbodi nent, tK&).above crystalline formis

Dmxture ot elhellol " anait coRBIREHA 0GBl b SR ManBhefl sa15

CH3 of N-(4-fluorobenzyl)-N-( 1-methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)

phenylmethyl)carbamide hemi-tartrate, comprising performing the reaction for synthesizing the
compound of formula I as described above, adding tartaric acid after the reaction, and isolating
the hemi-tartrate salt formed. In one embodiment, the isolating includes obtaining the hemi-
tartrate salt from a suspension formed after addition of tartaric acid. In one embodiment, the
isolating includes precipitating the hemi-tartrate salt by cooling, solvent removal, adding a non-
solvent, or a combination of these methods.

[0012] Ahother embodiment disclosed herein includes a crystalline form of N-(4-
fluorobenzyl)-N-(1-methylpiperidin-4-y1)-N’-(4~(2-methylpropyloxy)phenylmethyl)  carbamide
hezﬁi-tartrate that exhibits a X-ray powder diffraction paitern comprising peaks having d-values
in angstroms of about 18.6, about 16.7, about 10.2, about 6.2, about 6.1, about 4.63, about 4.49,
about 4.44, and about 3.96. In one embodiment, the X-ray powder diffraction /pattem includes

- peaks having d-values in angstroms of about 18.6, about 16.7, about 10.2, about 8.2, about 7.7,
about 7.4, about 6.5, about 6.2, about 6.1, about 5.86, about 5.14, about 5.03, about 4.78, about
4.69, about 4.63, about 4.49, about 4.44, about 4.35, about 4.10, about 3.96, and about 3.66.

[0013] In one embodiment, the above crystalline form is prepared by dissolving the

compound of formula IV in ethanol or an admixture of ethanol and isopropanol:



HN CH HOCO2- 1 F/ 10\ CHCHB3CHR2 \ | ~~ CH2 CNH HOCOz 2 11
CH2 O2 (IV) cooling the solution to a tenperature of |ess than about 20
C, and isolating any resulting precipitated solid. In one enbodinent, the
t enper at ur ¢ ghahd/igosshe di ssol ution step is about 55 to %%00%9 g:{ I n one
enbodi nment, the cooling rate during the cooling step is a ou 0 about
3 Cmnute. [0014] Another enbodi nent disclosed herein includes a
crystalline formof _N-(4-

fIuorobenzyl)-N—(l-nethyIp|percmln 4-yl) - N' (4- (2 et hyl propyl oxy) phenyl net
hyl ) carbam de tartrate produ &d by a net hod thaa i mcl udes ssol ving the
conpound of fornul g V in et ano an adglxt ﬂelg eth ol and

i sopropanol at a te .re bout aggut % H N+ IH HO
@2 F CH2 CH2 HO @0 oollngrlutlont atq erature of |ess
t han about 20 C at a ra e of aBo NHY, o about 3 m & e~capd i sol ating
any resulting precijpitated soildu [0 Anot her enbodi ment di scl osed
herein includes a drystalllne f of m of N—(4-

fl uor obenzyl )-N-(1-netlryl pi peridin-4-yl -(4-(2- nethylpropyloxy)phenylne

thyl) carbamde tartrate that exhi bi ts( )X-ray powder diffraction pattern
conpri si ngod@lﬁ%lﬂ% Hﬂ’dﬁoﬂgo d- t¥1§{>éf‘ﬁ§re of lesB MR L AbBETB200¢C aaha@uéolalﬁg 4ny aR@ubg 10. 2,
about 5.91, a .50, about 4.37, and about 3.87, enbodi ment

exhi bits arewwaégfi Sﬁb@m@ronmrﬂqumﬁ oA teﬁ&@lta&r%d%&ﬁ&eudsw@l%éﬁkss fHAYOA
d-val ues byt 8NES tih @RBertfod@RAUIhe dbliflg ra@ebﬁlﬁhg e cgolmggl:@;&'fs aﬁou@() 130l P 4,
about 5.91, about 5.46, about 4.99, about 4.90, about about 4. 50
about 4. 37c“§b@ht 4.20, about 3.87, about 3 73 about 3. 58 about 3.42,
and about 2.90 ooiﬂ016hn&mat BiRsodRRACHCERAL heikis Hlonagds Bostalife fohflpseg- &

tall f
e e ben o e moppeid- 0 (- P-methimmopmishenyimsitaby | sxUmkeny| met h
yl) carbaggge }i)(r%@:chd'Waem&tH@tthﬁmlulaéstcﬁss@ng R YoROWHE bt finhfid BChie@anddat t €rn

conpri sing peaks havi'ng d-values in
an admixture of ethanol and isopropanol at a temperature of about 55 to about 90 °C:

~ o _
HO, _co;
[%;] CH CH
0l o
ory N~ NS HO' coy
g 2

av)
cooling the solution to a temperature of less than about 20 °C at a rate of about 0.1 to about 3
°C/minute, and isolating any resulting precipitated solid.

[0015] Another embodiment disclosed herein includes a crystalline form of N-(4-
fluorobenzyl)-N-(1-metliylpiperidin-4-yl)-N’-(4-(2-methylpropyloxy)phenylmethyl)  carbamide
tartrate that exhibits a X-ray powder diffraction pattern comprising peaks haﬁng d-values in
angstroms of about 17.4, about 10.2, about 5.91, about 4.50, about 4.37, and about 3.87. One
embodimen’g exhibits a X-ray powder diffraction pattern comprising peaks having d-values in
angstroms of about 17.4, about 10.2, about 8.8, about 6.4, about 5.91, about 5.46, about 4.99,
about 4.90, about 4.62, about 4.50, about 4.37, about 4.20, about 3.87, about 3.73, about 3.58,
about 3.42, and about 2.90.

[0016] Another embodiment disclosed herein includes a crystalline form of N-(4-
fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N’-(4-(2-methylpropyloxy)phenylmethyl) ~ carbamide
tartrate that exhibits a X-ray powder diffraction pattern comprising peaks having d-values in
angstroms of about 12.0, about 10.7, about 5.86, about 4.84, about 4.70, about 4.57, and about
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angstronms of about 12.0, about 10.7, about 5.86, about 4.84, about 4.70,
about 4.57, and about 5 WD 2006/ 037043 PCT/ US2005/ 034813 3.77,

herei nafter referred to as Form C. One enbodi nent exhibits a X-ray powder
diffraction pattern conprising peaks having d-values in trons, of about
12. 0, aboWO 2006/88704ghout 7.4, about 6.9, about 6.6, abBGir%g%%MB:’é%]&ut 5. 86,
about 5.53, about 5.28, about 5.16, about 4.84, about 4.70, about 4.57,
about 4.38, about 4.09, about 3.94, about 3.77, about 3.71, about 3.49,
about 3. 463.77, &boneft® rXeiredaio as todn 08 Onasaibedioent e2hiys.a Kegimwdandifteton
enbodi nent Iirhc; b&Rfi2 r har f the
crystalli nlt)aaq %8 g:}g%gg&l ove H&F@%@S 1is?usgr(;dﬁ rllgpo gﬁé sobo form
of a conpo@?;cﬁbotéﬁétdmm()éalbmt|5r$6ab0'32;5r5614b@utsi338v€hwf5 tﬁ-l@bCH'tNM Bt HA.CO F H
ooz O 2 ShugisEdeNG LBCaRHSPENShAN s A dofr ] Y5ty 5960S Of
crystalli n%)g{"tﬁsr%a% 0 dbggédée? Hts §4Inn o%e en@"? %UF{ h% ?Aél erature
of the sol abenit3 Hmﬂhon@ QSh@;ld@hcspéﬁﬂl ng step is fromabout 30 to about 100 C.
I n one enbodi t he

conpri si ng of rm@{r)lleﬂ or ﬁt@@%&%@%ﬁrﬁéqgﬁlogeé hégh%ﬁﬁlﬁ%a{ #gtﬂ%&r g@g% ﬁ)&g&m Ner S,

car boxyl i cofebe eysallitedotmp dessribed hboan et ingindes S@b‘lpmﬂhatqf @ salBl fo8n kit mpeund N one
enbodi nent I i ied out at a tenperature from about 40 to
about 80 c°ff§ﬁ‘§la§%g%‘?%é‘ﬁ? @%’E her includes cooling the suspension at a
rate from about 0. to about Ig/ mnute. In one enbofi nent, the suspension
is cooled to about foom terrm,,[ ure. 100181 Ano&,_h bnbggli rre%-di scl osed
herein includes a t hod for reparatlon of {the ryst 'ie form

descri bed above tha es sus endi ng Pyst@ftGHae fornmh of N-(4-

fl uor obenzyl ) - N-(1- I[\m)erl I n-4- yI (4°H62 met hyl pr gpyl oxy) phenyl nmet
hyl) carbam de tarfrat ur ag_of stalllnefbrms\o .

N- (4-fl uorobenzyl)-IN(1- methWZpl r|Ercna4 yl)-N-(4- co;

(2met hyl pr opyl oxy) phenyl et hyl ) ofar bam de tartrate i nja pol ar and aprotic
sol vent at tenperatures from about 30 to about 70 C~ stirring the
suspensi on whil e addi ng crystal seeds of @vphe crystalline form C, descri bed

herein, and . sol ating of.the. taII ol.id f si.on, [0019]

Anot her enf8d ? ﬁ{the(fg?ﬁrfsboéléﬁul ‘¥é1?gr‘fr3isjﬁgfeﬁ% & CQS%P% ?o?es?’ﬁ’g‘?g?%a%u on

of the cr y&tealxﬂbbdieleﬁtpuhaml@smmdm’dheedobfeﬂ dubisg the musberdang setp SsHonv bisogt 30 toar t r at e
salt of N sgbout 100 °C. In one elnbodlment the aprotic solvent is selected from the group comprising of

one or more of the following: aliphatic or cyclic ethers, carboxylic esters, lactones, alkanes, and
aliphatic C;-C; ketones. In one embodiment, the seeding is carried out at a temperature from
about 40 to about 80 °C. One embddiment further includes cooling the suspension at a rate from
about 0.1 to about 1 °C/minute. In one embodiment, the suspension is cooled to about room
temperature. ‘

[0018] Another embodiment disclosed herein includes a method for the preparation
of the crystalline form described above that includes suspending a crystalline form of N-(4-
ﬂuorobenzyl)—N—(l-methylpiperidin—4~yl)—N’--(4—(2-methylpropyloxy)pheny}lmethyl) carbarnide
tartrate or mixtures of crystalline forms of N-(4-fluorobenzyl)-N-(1-methylpiperidin-4-y1)-N’-(4-
(2-methylpropyloxy)phenylmethyl) carbamide tartrate in a polar and aprotic solvent at
temperatures from about 30 to about 70 °C, stirriﬁg the suspension while adding crystal seeds of
the crystalline form C, described herein, and isolating of the crystalline solid from the
suspension.’

[0019]1 Another embodiment disclosed herein includes a method for the preparation
of the crystalline form described above that includes dissolving a tartrate salt of N-(4-
fluorobenzyl)-N-(1-methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl)  carbamide
in a solvent at teraperatures from about 0 to about 70 °C, stirring the resulting solution at a

temperature of about 50 to about 70 °C while adding crystal seeds of crystailine form C, co‘o‘ling

6



fl uorobenzyl ) - N- (1- net hyl pi peri di n-4-yl)-N -(4-(2-met hyl propyl oxy) phenyl net
hyl) carbamde in a solvent at tenperatures fromabout 0 to about 70 C
stirring the resulting solution at a tenperature of about 50 to about 70 C

whi | e adq,gqgo ﬁ@y@gﬁl seeds of crystalline formC coolpmSza}Dms@OGlOB?MB
PCT1US200 3 t he obtai ned suspension at a cooling rate of about 5 to

about 15 C per hour to a terrperature of about -20 C to about room

t t t t II h

erbodi ment™s PRELsTpERon e Y Pa Ry GPuR Gt Skt B e LRETRT herpRorade "

sol vent i ,sbcme 2@ Ced abdut @dtint ﬂampgﬁtmwparﬁemxsg tmgaltifie ©iié@ fiom thaduepeadioradet one,
th I I hl 4- . di t

[0020] AnSEhErNBHBOH HEFE ech o Bt e ol PAcTaEen ap SEH T HEkdr m of

N (4- from the group consisting of one or more of acetone, ethanol, isopropanol, dlchloromethane 1,4-

fl uoroben | pi peridin-4-yl)-N -4-(2-nethyl propyl oxy) phenyl neth
yl) car ba%égnet?&tafeqee produced by a process that includes suspending a

crystalline fofooof N-Asbifel embalirem? Wislesed herein includes a crystalline form of N-(4-

N-(1-neth t hyl bam d
tarirat e SPOCRAR G TS AR TRty SO BARNLTF MR Do 4
N- (4- f | uotntaapypiyoelby 4 proetsk yHapingedes duspending Ia)crylkfam_(-xéfﬁof N-(4-fluorobenzyl)-

R e R e B e T o
susloe tnsi omixttuiel e o ddystdliver \isinal o£Sﬂﬁ(ﬂ-fhérfﬁdmyl):]wBtmih’b/ipmendlﬁwlqul\(AC-@ﬁd
isolating o i € _suspensi not her
ernbodi o rEeyEEPhEY S Aabires LMD ol PSR RT ittt ettt

fl uor obenﬁyshx)abbht(m{mobwwn‘pmmy the s&sgehgleﬂ\izvhﬂ(eédc(lﬁg ergdtdd yeeps el copetp)lipheny| net
hyl) carb

m fart rodu ocess .t hat includes dissolving a

tartrate z%ﬂd&(% ﬁflflél“ cgﬁté‘ﬁl?e O?H Igf-o?]ﬁﬁe SUSPELISION.
met hyl pi peri di 021}yl ) Mloﬂ(eﬂemﬁodnmnhyisqﬂosa@ylbmmy)x@ﬁthmyIcnsetahmb Yormasfi(d-de i n
t et rahydr Qf ur an e a raty abot 70 C,
stirring dheopRet AR e e bR A NS B 70
whi |l e additangate:prpdmaeﬂ bs e@dxeessfthat ineludaasydssdhhg niartfatersait 6F N-(4:-ﬁmdrohmgzyﬂ)l®é(lobt ai ned
-suspensi on_at i 3 abou {0 1abe un
t enper at ur ee{:}l SiPing 1§ 4 gH 3 me 3u%pylt°76’§%}11ef“é%e%ﬂf aﬁgaémdeo ) te@ﬂl FIg[!"‘I P
crystal |l i netswel atdtempmnntehéronsais)pensmwbout[m)2<2,] stifwigt herreaﬂﬂmgohohmm a'dascl osed
herein in Iude r
fl uor oben%ipi1 re( f]? a}youhg(:’ p°| %’é’?‘i Lﬂﬁ #jf{]‘g C(ylfta% ﬁee ?%thf (S}f)li} %%c(OW pchenyl met
hyl ) car baoolole thd abthined slspmlbmdt ag:oél:rxgnaamﬁwtoo@% tooabab’olﬁ °® p&%ausm)aopanol
or et hanol, f [ 015% i ng
peaks havi nd’ Q% pab%{ltt 50 g(r%)t%s r%%}};g@:%?@r&agraﬂ{ré f‘gf? ‘%&L‘t%% cﬁﬁ{aﬁlﬁg ‘Hcd ou
about 4. 641,18pa’rmmt 4 54 and about 4.37. One enbodi ment exhi bi t s a Xr ay
powder diffrac pat { er havin ronms of
about 17.2, abidtﬁ?] %ﬂ ﬂ{%%%t;%rrﬁ%% Bgclgs%a lﬁgr&ngﬁ{cluc%s a cr)glagme 5‘ T q‘}r}g 41 about
6. 00, abodiluorebénizyl) alkidmnuetkfylp'ﬁﬁmdeN H4LF-methplpmuloxdyyshtnylakibyl} 4caﬁ)41;mdab0ut
4.54, abo . 0 o , u 671 ~_..about
385, aboteae Fhtuaitin dndtd ovEigbuch ) sl o gD bt L e

powder diffraction pattern comprising peaks having d-values in angstroms of about 17.2, about

16.0, about 6.1, about 4.64, about 4.54, and about 4.37. One embodiment exhibits a X-ray

powder diffraction pattern comprising peaks having d-values in angstroms of about 17.2, about

16.0, about 10.7, about 9.8, about 6.6, about 6.1, about 6.00, about 5.73, about 5.33, about 5.17,

about 4.91, about 4.64, about 4.54, about 4.37, about 4.10, about 3.91, about 3.84, about 3.67,

about 3.55, about 3.42, about 3.32, about 3.13, and about 3.06.

[0023] Another embodiment disclosed herein includes a crystalline form of N-(4—
fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N’-(4-(2-methylpropyloxy)phenylmethyl)  carbamide
tartrate comprising about 5% t-butyl methyl ether that exhibits a X-ray powder diffraction pattern
comprising peaks having d-values in angstroms of about 17.3, about 16.2, about 10.6, about 9.8,
about 8.1, about 7.5, about 6.6, about 6.0, about 5.28, about 5.09, about 4.90, about 4.72, about



[ 0023] Anot her enbodi nent di scl osed herein includes a crystalline form of
N (4-

fl uorobenzyl)-N-(1-net hyl pi peridin-4-yl)-N -(4-(2-nethyl propyl oxy) phenyl net
hyl) car bgig fgsnsb@strate conprising about 5%t-butyl npgfwk08bms1t hat
exhibits a X-ray powder diffraction pattern conprising peaks having
d-values in angstrons of about 17.3, about 16.2, about 10.6, about 9.8,

5000, Shoto el daB bRt oeamsydiio it 1 te Pl uhabts 13t Aoy o

4.39, abodbou#l3.®@65, about 4.04, about 3.86, about 3.70, about 3.54, about

S avuseart i aoWhat of abdB BRI otues°F b iind ol P .1 1S
WA it CoA St o S i Salm e s ety A
IR o R R A S B B R 1t R

of about t8nfisinghsedks He6in d-ahesin ahgtOms ababatit 19.08abountr))ebdat 43.0,abauv.86. 2,

Shout ! dpPETdtnotE 00 . aRowo Rt it AD o O RREH Dy

and about 434 2Bout[ 0B 5houMn0s, hbsut B BREHLIRITE, abdlit 3 6B, aséeboner ®i. n i ncl udes a

phar maceuti cal osition conprising.the coppound of formula |V and a
phar maceut i cal loy%gﬂvgepfx’é%ﬁeé ceé’}%fthm’ o‘?’lscgqs"?qie Y ot ?udgﬁ\Ha H@‘“@ﬁa"‘mﬁcafj
[ Fc: gNHc o'ceppositidh 2 otnprising¥Re Compouad W) folD26Y akd hHgharmarhaidilyertHiabiesatries ed
herein incl (%Pe pharmaceutical conpositions that include any of the
crystallifie Ug¥ns described above and a pharmaceutically acceptabl e
carrier or diluent. [0Q27] Anothey, enbodi ment di sclgsed herein includes a
met hod of delivering the conpowgd of fornmula Itg ahosd, cgpprising
~admi nistering to a subjlect a co@nd of forgul @H_CL\(: H N+ CH, HO COz
FHOCOz 2 (1V) [00281] er odi e '8l oseq hergin. includes a
met hod of inhibiting an itys of,.a am ne redept Qi conprising
adm nistering to a subjlect a c@hﬁao‘lﬂﬁéi\o , Tormul a HO  "COS

(o}

L 2
a) |
[0026] Other embodiments disclosed herein include pharmaceutical compositions
“that include any of the crystalline forms described above and a pharmaceutically acceptable
carrier or diluent.
[0027] Another embodiment disclosed herein includes a method of delivering the

compound of formula I to a host, comprising administering to a subject a compound of formula

Iv:

_ ?Ha , .

- Hep? (\:Hs HO co;
F O_ CH—CHy

U -

' N ~N___NH ‘ O :

CH; \ﬁ/ "CH, HO CO,

o)
L. 12
av)

[0028] Another embodiment disclosed herein. includes a method of inhibiting an

activity of’ a monoamine receptor, comprising administering to a subject a compound of formula
Iv:



I'V: 8 WO 2006/ 037043 PCTI US20051034813 CH, H ~N+111 CH, HO C02 LfICHC_ O
Cl N H-CHHO C®2 2 [0029] Another enbodi ment discl osed herein includes a
method for the treatment of neuropsychiatric di seases, conprising

adm ni st er ubj ect a conpound of formula N Cxz F
HO CQz O‘gagg({ﬁf\%’%f%OSO] I n sone enbodi nents, the neuClr_lg%dg;/i’\s:l f‘.{_&?‘lé:?dl sease
is selected fromthe group consisting of psych05|s schi zophreni a,

schi zoaf fective disorders, mania, psychotic depression, affective

di sorders, denentia,| anxiety, sI@@p di sorders, appetite disorders, bipolar
di sorder, psychosis econdaryHEqﬁhypertenS|on megyr ai pasnm and

i schem a, notor ties,_  trenor, (ps chonDtor sl ow 9o b nesi a, and

neur opat hi c pain. [0D3Y

’othgifznbodl oh§gPoseﬂ herein includes a
neu odegene ve di seas
1§, Copdling /o Tormul a 1V,

met hod for the treatent
adm nistering to a subjec
enbodi nents, the neu odegeneratlveldlseése is selected fromthe group

consi sting Parkinsonls disease, ﬁbntlngton s di seaseiz Al zhei ner' s di sease,
Spi nocerebel |l ar Atrophy, Tourette's Syndrone, Friedrich's Ataxia, Mchado-
Joseph' s di sease, Lewy Body Denenti a, E&B@onla Progr essi ve Supranucl ear
Pal sy, and Fr Oiﬂoeée”p%na&l P@ﬂﬁ&ﬁﬁaﬁﬂd[s&% IAB(?ﬁcﬁlﬁiEs@ﬁPtﬁgdﬂFglEtrgehﬁBthFed
herein includes a met hod for treating lne3|a associ at e

dopani ner gewonshaiaipydisetsesnerimptisiog @emlstp@tgép P Adicbr eempoisjded formple 'om  pound
of formula N. [0033} Another enbodi ment disclosed her-in includes a nethod

for treating dystqnia, nyoclon , or trenor associated with dopam nergic
t herapy, conprisin adni ni st dt3 to a subject €He conpdfad 2formula |'V.
[ 0034] Anot her enbqdirent di s¢l osed herein |Qpluéﬁsm@ met hofl for treating a

t hronbotic conditiqgn, jri s adnlnl ndci,0 a suibj ect|the compound of
formula I'V. In so 3 'nent , the t lOtIC condltlon s selected from
the group consisting of myoced; |€&/ HO'

(Iv)

[0030] In some embodiments, the neuropsychiatric disease is selected from the
group consisting of psychosis, schizophrenia, schizoaffective disorders, mania, psychotic
depression, affective disorders, dementia, anxiety, sleep disorders, appetite disorders, bipolar
disorder, psychosis secondary to hypertension, migraine, vasospasm, and ischemia, motor tics,
tremor, psychdmotor slowing, bradykinesia, and neuropathic pain,

[0031] Another embodiment disclosed herein includes a method for the treatment of
neurodegenerative diseases, comprising administering to a subject the compound of formula IV.
In some embodiments, the neurodegenerative disease is selected from the group consisting
Parkinson’s disease, Hurtington’s disease, Alzheimer’s disease, Spinocerebellar Atrophy,
Tourette’s Syndrome, Friedrich’s Ataxia, Machado- Joseph’s disease, Lewy Body Dementia,
Dystonia, Progressive Supranuclear Palsy, and Frontotemporal Dementia. _

[0032] Another embodiment disclosed herein includes a method for treating
dyskinesia associated with. dopaminergic therapy, comprising administering to a subject the com-
pound of formula IV,

[0033] Another embodiment disclosed herein includes a method for treating
dystonia, myoclonus, or tremor associated with dopafninergic therapy, comprising administering
to a subject the compound. of formula IV. |

[0034] Another embodiment disclosed herein includes é method for treating a
thrombotic condition, cormprising administering to a subject the compound of formula IV. In

some embodiments, the thrombotic condition is selected from the group consisting of myocardial

9



WD 2006/ 037043 PCT/ US2005/ 034813 infarction, thronbotic or ischemc
stroke, idiopathic and thronbotic thronbocytopenic purpura, peripheral
vascul ar di sease, and Raynaud's di sease. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0035] Fi awid So0d/038472 X-ray powder diffraction pattern 5 formyY of
the free base conpound of fornula I. [0036] Figure 2 ﬁijg&égﬁg'mﬁ%mder

diffraction pattern of crystal forn1A of the conpound of fornula IV.

[ 0037] Fi e 3.s X-ray powde ffractl n ttern of crystal form B of
e ComtiiD A FaR AP LS g i PuRSboli Py s val Rt t on

pattern qknﬂﬁﬂﬁb£Wﬂ&aﬁak&kﬁ&Riﬁﬁhdsﬂm&aeund of formula I'V. [0039] Figure 5
is a X-ray powder diffraction pattern of crystal formD of the conpound of
formula I'V. [0040] Figure 6 is a X-ray powder diffraction pattern of
crystal form E of the qanpﬁumscmﬁﬂﬁM%GM#BHEXNL&WMN@H Figure 7 is a X-ray

powder diffra ter cryst m_.F of the. conpou f formula N
DETAI LED DESC&%M%% @r"r ﬁD?%E"}iém%ES ‘E%’éﬂf’%‘r\‘i‘?”[%@ q%?@nﬂggfhﬁlﬁee

N- azacycltagl cofpbmbopfomhkayl. carbam de is N-(4-fluorobenzyl)-N-(1-

met hyl pi peri dip

formula I: 03% yl%ﬁ@”% ~;%2%£§3h roq%ad1¥éggggxhnetQﬁ#%m$rb de Of
Synt hesi sofpound of formula IV, .
phenyl mot by ) A0Bhrm GRETORATE BHY EHBGU HEAToP 4B B o0 NeBF 7 ng
t he conpeungodl of foramad &. (1) conpr|5|ng reacting the conmpound of fornula II
((4-fluor Oben%g&%l— (1 -I*I{g}rehyl E I p}?-l;a{ydll)or\]vdgr d¥f]ﬁ)agt1n(;innpea)rtem of crystal form C of the
compound of formula IV.
[0039] Figure 5 is a X-ray powder diffraction pattern of crystal form D of the
compound of formula IV.
[0040] Figure 6 is a X-ray powder diffraction pattern of crystal form E of the
compound of formula Iv.
[0041] Figure 7 is a X-ray powder diffraction pattern of crystal form F of the

compound of formula IV.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0042] . One useful N-azacycloalkyl-N-aralkyl carbamide is N¥(4-ﬂuorobenzy1)-N-(1-
methylpipcridin-4-y1)-N’-(4-(2-methylpropyloxy)phenyhnethyl)carbarm'de of formula I:

] O\ /CH—CH3
Q/ CHZ
/ N\ /

) @
Synthesis of N-(4-fluorobenzy1)-N-(1 -methylpiperidin-4-y])-N’-(4-(2-methylpropyloxy)

phenylmethﬂ)cmbanﬁde

[0043] One embodiment is a method of synthesizing the compound of formula (I)
comprising reacting the compound of formula II ((4-fluorobenzyl)-(1-methylpiperidin-4-

10
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F O CHZ NH-CN-CH3 10 WD 2006/ 037043 PCTI US2005/ 034813 w th the conmpound
of forrmula Il (4-(2-nethyl propyl oxy) phenyl net hyl -i socyanate) H3Q\ CH CH2 O
/\ \-CH2 NCO H3C (i) 100441 In one enbodi nent, about 0.9 to about 1.1
equi val entwoQbosfod7ofss uor obenzyl ) - (1-net hyl pi peridin-4-yj ﬁ’ﬂ%ﬂﬂﬁs/d%?&

equi val ent of 4-(2-nmethyl propyl oxy) phenyl met hyl -i socyanate "1's use 2d.

sone enbodi nents, the resulting conpound of formula | is isolated fromthe
reaction m xture. In one enbodi nent, a salt-formng acid is added after
the reaction. The forned salt may be isolated by sol vent renoval

pr eci pi t awittoihe compotiral di fgmbid G {4-(2-exethy kopaioy ) plicaglinpi iydidoeyanate¥ ol | owed by

deli beration of the conmpqund of formula | under al kaline aqueous conditions
through dissolution in én(gi c solv. na _two Bhase system and
separating the conmpound of he brgaﬁlc solution. In a

preferred enbodi nent, lﬂgzeqU|vaIent of 4-f | uor obenzyl ) - (1-

nmet hyl pi peri di n-4- yl)anlne per equival ent of

4-(2- nethylpropyloxy)phenylnethyl-lsdEPanate is wused in the reaction. The
reaction nmay be carried out in the preseri.ce of Lewis acids as catalysts
such as netal ﬁ@M&f &@%ﬁb&%ﬁ%@&@&hb9mﬁkﬁ&n4hkﬂﬁﬁbﬁ%%%ﬁ 2OE R %ﬁples are
MyCl 2, FeCl 2 3, FeBr2, Fe(SM4)?2 , Al1Cl13, BBr3,

Ti Br4, zr@reethyBpegdingiemme PeseqaivRight) of 4- (Za?fféhﬁmptzi%y)r@anmmﬁwl)@cwphfé amount
of catal yglisedBYn #fe eﬁl%anamwhe Qesﬁmﬁglco&@oaﬁwtfonﬁumqr@ esetateaxfmny\ﬁé ghttoand
preferably about 0.01 to about 3 percent b relative to the conpound
of f or muEtug. In[qyewhodpn@traesa&f?r@ﬁlgu agidgjp é¥®ﬂ &B?Vbé apactieny &he formed wkt

presence @Qfy 8isbiBLY b %lgé}ﬁ' 'r&novﬁobr‘ééiﬁﬁatl%ﬁ'cd? R @ideﬂh@éﬂl&aﬁhﬂﬁﬁ@cq&?&ﬁ% :
di et hyl ether, nethy 1£¥ et her, di but et her, ethylene_glycol
e ﬁtynd

di met hyl flewsd bméltheﬁlﬁw wRowe offormh eréll%%%ﬂ%ﬂ&@%ﬁ%@ﬂ%ﬁboxw ic

acids or @leRh&l s anefgaﬂc sol@m%a%dﬁyﬂa.,ee@gtaﬁsanafsepaﬁeﬁqg@headahgbundloa%r&aﬁs
(e.g., valerol actone) 8genated hydrocarbons

trichl or oh&eH &ﬁ@rgap@t%}m FetrefEiRs) cmhgdimgnt, éﬁéﬂwaleet ?ﬁﬁé}uewéwlé (.,
acet one, fEhyMberidH-APYdmikehed Buivaltin® by \2- ﬂﬁ&hﬂﬁepyl@iy)g&&wiemyhs&ryaﬁatéomt yl

ket one) . [00461 The reaction tenperature iis prefera in the raﬁgg
about - 301sed indhesagion. %T@C%&Wéafﬁ%%ﬂwwwﬁﬁl% r?é FEiigedpts @B 5 C to
about 30 &ch I@ﬁlefapaatklo@ Mnokd PrefefiBly R&al ARYLRL. |S%H13byxaﬁEIHsta9é’ ML, Irect,,

.consunption_of the conmpound of forrnmula || _or for elther on-line
C B0 e RHE e T it b R R AR Bl ol

| sol at i onarafTifohe,-C; qmaym NtheGinofi@ lbfﬂ;blteﬂys{ mApde Hen fRak orowﬁtota%o@rme&umﬂb@bl e

nmet hod i ncl.udi ng remval_. of hre sol vSnt by dIStI||a%gOH of the r ctlon
resi due UREIEHE PEAREEDLY At A0t & aboyt P RFSFIt RYnRsth  Tgrative t%ﬂ’&rf"ﬁ@‘"ﬁ% about
100 C, pretqanatl y up to about 80 C

[0045] The reaction is preferably carried out in the presence of an inert organic

solirent such as aliphatic ethers (e.g., diethyl ether, methyl propyl ether, dibutyl ether, ethylene
glycol dimethyl ether, tetrahydrofuran or dioxane), esters of aliphatic carboxylic acids or alcohols
(e.g., C,-C,4 alkyl esters of acetic acid), lactones (e.g., valerolactonie), halogenated hydrocarbons
(e.g., di- or trichloromethane, tetrachloroethane), or aliphatic C;-Cgketones (e.g., acetone, methyl
propyl ketone, diethyl ketone, or methyl i~ or t-butyl ketone).

[0046] The reaction temperature is préferably in the rangé of about -30 °C to about
60 °C and more preferably in the range of about 5 °C to about 30 °C. The reaction time may be
controlled by monitoring the consumption of the compound of fortmula IT or formula III either by
on-line process analytics, or by recovering and analyzing samples off-line.

[0047] Isolation of the compound of formula I may be performed by any suitable
method including removal of the solvent by distillation of the reaction residue under reduced
pressure and lower temperatures, such as up to about 100 °C, preferably up to about 80 °C.
Isolation may also occur by partial removal of solvent to increase the concentration, .ﬁltering of

impurities, precipitating the solid compound of formula I either by further concentration or

11



| sol ation may al so occur by partial renoval of solvent to increase the
concentration, filtering of inpurities, precipitating the solid conpound
of formula | either by further concentration or It W) 2006/ 037043

PCT/ USZOO%B?&%}JO%M?ddl tion of a non-solvent such as an all hati c

hydr ocarbon (e.g., pentane, hexane, heptane, octane, WCAds13

net hyl cycl ohexane, or water), filtering of the solid, and drying. The

i sol ated conmpound of fornula | may be purified by known net hods such as

di sti || at péstiogrof apenoielvenigiuglplias én ﬁb@hﬁ%bydrw@%](e 1 Powanes bexars. H¥vAR0S: enpval
of inpuri bLas sHidhedse, fﬂstﬁﬁgycﬁ,h&%eor&%@&)s fﬂtrehﬁg of She goh@ !nﬁiohr?HgorTHes a
conveni ent route to produce the conpound formul a purity. It
was furt fseleted @@ﬁ@pmg@f formiaf § way e mueled IIYelﬂ@Wefé%th%ISych Pﬁpﬁlﬁa]@dlobyoff or mi ng
salts of hl;}gmﬁ;grr {pn%ods whi ch can be precipitated as crystalline conpounds
and re-crystallized fromsolvents to renove inpurities. The free carbanide
of fornula | i¥048en &Hetashundthedemovabipidmpiriiics swah af foxnped sislaiprodiais WP,

addi tion gf. ;31,0558 » B %&5@%@%&%& &%psa{d%@er&@lawthh@n RiGAR s
solvent. The organic solutions be washed with water and aglmeous sodi um
chlori de Betherfoundethewarifiestion pan l@cﬂf elfvelylyppronedsty forraing ealts of el conbamige, under
reduced PLERRULEhe (ﬁréﬂﬂ%ﬁah 'agérygmbrne%mmﬁ{@yﬁﬂ L erygtt;ul;edr?o&mqive&g to_remove
precipitation or dissolution’in water in then OUse of a two phase systens.
Wen pr ecimmuritiesi B fesk carbimaideeff formulp Idueiber debibereged byzdispolnties @tthe@nlt byweientrati on
or._cent I baaRhioPHbash3hd bitacilof BPHBbaBlmidd VAR UARKE sorvéh P braCh T O Of
fresh sol vent may %e carri ec? out. Suitable sol'vents wth | dw sa

sol ubi | i t yapbe vapgedtwith mfglamdca%l@ﬂueépdl@nwbhdgbenydﬁm@\al lob the, sohwdnd yenat ed
hydrocar b

ot ont oy, oBfcrally ukk i SFELRD tHbirRich e sELRhe B i BERBRSY, |

f or mi ng aewedsltamzyomssgbn@tcme@terr kel mro@aﬁwplwe vigani Whaedgpitafirnteias

m ner al aﬂe@ﬁtﬁ'ﬂ%ﬁmd }‘0}6 Sy 143!3’[101& %ﬁ%}honr&)%’trl ti ?%191%!) Poﬁﬁé %ng(utzor m c
acid, acetic aci oxa ifc acrd oni ¢ acl d, eic acid, fumaric acid,
succi ni ¢ sadyeat andaﬁddﬁmpwfa%qshi)solmm anqy fhsrgagiedcdulls Suitehlg WY@@I vignlewaeltd) . The
act ds - IMay o fiiffIdhe oo B0 Ustyefl sl AN eoBhr BB UbloBerih b b&lond Ochat M 2
solid or crystall i‘he preci pitate. The anount nay rangﬂ rom about 0.5 to
about 2 e&ﬂmalcghwhc el getery end lactenes aceippBilm dndiloghelsratiag pt, 1ead‘e%eqadqong

mai nly on,fhe functionality of the acid and the desired excess for
conplete and fast salt fornmation. [00501] The salts may be dissolved in

wat er and a nof@049At er S#if Semisg ecidymryrieselswed/Bom nofgapic hersemeisislindudbfasf or nul a
| added t g, f%&h g—lélhﬁBfiqjﬂ' ﬁegcﬁ} %’onSOBHO&JUaEELx%c Ec%s%n%]c ac‘M‘Q&tﬁch&ld base is
added. Suitab es 1 nclud but are not [Imted to, aline earth netal
hydr oxi de8§xadigatid, matonicacid, mﬂe}eﬁplérfumq aciflypueyigic wda@aiaﬁ@mid) of $uiforiq asfdst he
aqueous' p i ated
From m ot AR B8 o a g R hdea s R P e bl BRI L PEAT 50

m nut es. Fhelidgr gasebing Reesipityte Th emowe pay Eﬂné@ﬁomﬁbméﬁél ’fpylbwég leedivalents wat er
and  Dri NGdeiothe Jagixp ﬁ{dqgforpﬁﬂﬁ 19R5inkRE nRi@Che MRMiRAiPBE Bl NGRS RY mEeeoOVal

of the so vent and
desired excess for complete and fast salt formation.

[0050] The salts may be dissolved in water and a non-water miscible organic solvent
for the cbmpound of formula I added to dissolve the deliberated compound of formula I ~wvhen the
base is added. Suitable bases include, but are not limited to, alkaline earth metal hydroxi des such
as LiOH, NaOH or KOH. In one embodiment, the pH of the aqueous phase is greater than about
8.5. The reaction may be terminated from minutes to 1 hour. The reaction is preferably” stopped
after 5 to 30 minutes. The organic phase is then separated, optionally washed with wrater and
brine and/or filtered. The desired product may be obtained by removal of the solvent and drying,
or by precipitation with a non—solveﬁt, filtration, and drying of the solid residue. The compound
of formula I is obtained in high purity and yields. '

[0051] The starting materials for the above-described reaction can be obtained by
known and analogous methods. Specifically, the compound of formula I may be obtained by the
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or by precipitation wwth a non-solvent, filtration, and drying of the solid
resi due. The conpound of formula | is obtained in high purity and vyields.

[ 0051] The starting materials for the above-described reaction can be
obt ai ned byo Jkgsasszand anal ogous net hods. Specifically, ound of
formula I may be obtained by the 12 WD 2006/ 037043 Pcﬁ‘;pﬁi%’g@%gmls
reacti on of N-nethyl pi peridine-4-one with 4-fluorobenzylamne in the
presence of a netal _hydride, for exanple according to the schene
thH(acetH??P@qﬁﬂgépﬁw “$“%n94fﬁﬁwﬁﬁgq§qm*n ﬁﬂnfdgﬁ%fIE%WBBJRd%“%?lfornula
LT may baéydidegateRenilyadceail kotfle sehery dr oxybenzal dehyde with

i sobutyl hal ogeni de (e.g., isobutylbromde) to form4-

i sobut oxybenzal dehyde, which nay be converted with hydroxylam ne to the
al doxi me form \ /N HC- C: - O He@iacddaf; H S OXi e be

catal yti cald-yNhyd ena cig—pa)] [-adiumear f&h@—%?fipqunding
4- 1 sobut oxybe | am ne, f whi ch the isocyanat for il & | may be

obt ai ned by reaction wth phosgene. Crystalline form of

N- (4-fluorobenzyl)-N(1-net hyl piperidin-4-vl)-N -(4-(2-nethyl propyl oxy)
phenyl net hvl )cé’%ﬁém’ d&%ﬁ%ﬁ%&[%@%@j‘ llﬁi ﬁ‘&;t v& é’ﬁﬁ\(?%"fid CrEHGHE it hod,

t he Cﬁﬁpoﬁy’kﬁl?)@genfzﬂddﬁ%]ea bv’ithz igﬂg@lhalbﬂ;eyﬁde olit.ai nﬁbmﬂbﬁmms?antfmi | y- N
anor phous . sol i i may. be m xe it mal.| ampunts.of a crystalline
form 1t RS YD A e it Ryt 1 e T be
obtained fromthe salt form such as the hem-tartrate salt, when
deliberating the base under certain condition. This crystallisation can
even be used to purify the basé\by re-crys‘ i zafdpn of salts or by re-
crystallization of the base it seict—d-08 A@ orgi ngly, in one enbodi nent,
a crystalline formof N-(4-fluoroberzyl)-
(1-nethy|piperidin-4-y|)-N'-(4%?2-nEthyIpropyloxyjphenylnethyl)carbanide i's
provi ded that exhibits a characteristic nelting point of about 124 C (peak
tenperature), determined with Differential Scanning Calonetry (DSC) at a
heating rahg oRifne by Bk RhiAMiGI _B;‘dr@gbemédtvafh HRBLERR bAMyst aSthE Q6Pspondih P 8-
enthal py of fusion of formY_ is about 99 J/g. 10055] The X-ray powder

di ffracti énbyseybaramipe. figmiviich shegigqsianpie f iformpda iy be obtyinedtyireastion, t he
X-ray powgdgh phlisgdneaction pattern exhibits the follow ng characteristic
peaks , : , :

Crystalline form of N—

phenylmethyl)carbamide (Form Y)

[0053] Using the above-described method, the compound of formula I is generally
obtained as a substantially amorphous solid, which may be admixed with small amounts of a
crystalline form. It was surprisingly found that a pure crystalline form can be obtained from the
salt form, such as the hemi-tartrate salt, when deliberating the base under certain condition. This
crystallisation can even be used to purify the base by re-crystallizatioﬁ of salts or by re-
crystallization of the base itself. ' | ,

[0054] Accordingly, in one embodiment, a crystalline form of N-(4-fluorobenzyl)-N-
(1-methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl)carbamide is provided that
exhibits a characteristic melting point of about 124 °C (peak temperature), determined with
Differential Scanning Calometry (DSC) at a heating rate of 10 °C/minute, hereinafter designated
as form Y. The enthalpy of fusion of form Y is about 99 J/g.

[0055] The X-ray powder diffraction pattern of form Y is de:picted in Figure 1.
Specifically the X-ray powder diffraction pattern exhibits the following characteristic peaks
expressed in d-values (A): 13.0 (vs), 10.9 (vs), 6.8 (vw), 6.5 (s), 6.2 (W), 5.2 (W), 4.7 (m), 4.5 (w),
4.3 (s), 4.22 (vs), 4.00 (m), 3.53 (vw), 3.40 (vw), 3.28 (w), 3.24 (w), 3.19 (w), 3.08 (W), 2.91 (w),

and 2.72 (w). The abbreviations in parenthesis are used herein as follows: (vs) = very strong
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expressed in d-values (A): 13.0 (vs), 10.9 (vs), 6.8 (vw), 6.5 (s), 6.2
(w), 5.2 (w, 47 (mM, 45 (w, 4.3 (s), 4.22 (vs), 4.00 (m, 3.53 (vw,
3.40 (sryv), 3.28 (w), 3.24 (w), 3.19 (W), 3.08 (W), 2.91 (w), and 2.72
(W) . The abbneusoatupns in parenthesis are used herein aﬁ(:lflgyogg@_;mgvs) =
very strong 13 WD 2006/ 037043 PCT/ US2005/034813 intensity, (s) = strong
intensity, (m = nmediumintensity, (w) = weak intensity, and (vw) = very
weak intensity. hn vari.ous.enbodi nents.  for i resent in.a.solid form
of the corl‘PF)elﬁl d (O S RS m?n rgé%r%lﬁnn tsen%?'negvy I‘gﬁglgtmgsg{ftan%&;’) 70% 80%
90% 95% wetk BRHitywlt terbbheenited@mientd.ciorm es prgseot nersolid Yemalf Hervempamdref ‘

(i ncludi ng_hydrat es and.sol vat,es r h f .1 0056] .FormY is
a very t hg(fnr%%} nam ca SI°§c/ atgl %‘i’ﬁ?bém% %%hqé% %@?Q%ﬁ%%@fnoégg?’? W&%gnlﬁlr% a“rd?’f Powder
X-ray di f beiagothonryaailindStnd (hdiudap bydrites aod yodtateks) anfler ahaplmot formof form Y, and
anal ysis of t | ement al, .conposi tion conpl | wi t h..conmpoun formula I.
The crystalli ngb%?@r m ooa{{lsfao"r%tﬁ%mpg}ingmggpasllaﬁgéonélsor}éhev(\:/ﬁn?lf’%unp85\%8?“.a [ 0057]
The conpolinkbvaier X-eayrdififraction ksl BT indicge tha cyysrllinuchanrigeefifonstlauéataysianfl shows
a low solybility in water. |n..contrast, sal of the,co nd.of formula |
e el 1 U8 tete] ol conhECR, P3iondt ol Butie o T BRRIRS e Y O

pr epar at i dormolk I B@btain¥d ofa wiite poedgpound of forrmula |I.  For exanpl e, one

process for fornming Form Y includes: . g) dissolution in.water under stirring
o1 o sl for mBFIPor A koPolEt ottt SR T Hrlopoeopid B s iy
addi t i on eflova sslulfifity ¢ eater. ahuentrasy fsalrpf dhegevnipourslprf doinmlashire evell séloble frhe

di ssolutign oft.the forned co upnd of for I < adj { f . t:he pH of
the. aqueodeeCaPt= BEPTRrOR bo Rt DLt re Rt b v gfthe BEhRH toRlus”S

base; d) Optdxanglé.loye prtessfot formging Femadnelodes: phase with the organi ¢ sol vent

and col |l ecting,all .or= ' S; %F& ' the. ent and
cooling the g e‘rirlgsioiaulhglbmgrg geg{ﬁ‘?dépgs?%?n ({f%ggltt% e\ég&%}?gkﬁ%}ablg%eﬁ l%Jho éﬁéng at
this tenperatusd; while optionally stirring; and g) filtering off the ’

precipitate, i . i i - I\l i | i quor
can be agai nb)\(,:\l%i:\d? e ﬁtg ?éa{hg%ﬁeglh%goé%ﬁﬁg%Hl%%nl?%g?tggéga?ﬁoﬁhf idlé;P(g?ng%P@Ef orm ng
aci ds nmay be feheldomgoind offoimds fani ¢ or organic acids, such as mi neral
acids (e.g., HC. . , P - i j i ds
(e.g., form% EensghFSeandde or leichus GG Hon TPARG B P45 BORMIAo oA 05
mal ei ¢ acid, fbaseric acid, succinic acid), sulfonic acids (e.g., ~

nmet hyl sul f ongc ihd) ! | G AC i i _panvi c
2o d or et ron RS reElidheaREnd s EEBO O AN BB o

hydr ocar bons sersir phigses;ol uene, hal ogenated hydrocarbons such as di- or

trichl or omethapngqviheh bACKH RGO Fooo Bl remAhinfbls AR hfiof B 180 %%h 15
oc; -
f)/ holding ét this temperature while optionally stirring; and

g) filtering off the precipitate, washing the solid residue, and drying it.
The mother liquor can be again concentrated and cooled to increase the yield. Salt forming acids
may be selected from inorganic or organic acids, such as mineral acids (e.g., HCl, HBr, HI,
H,S0,, H,PQ,), mono- or dicarboxylic acids (e.g., formic acid, acetic acid, oxalic acid, malonic
acid, tartaric acid, maleic acid, fumaric acid, succinic acid), sulfonic acids (e.g., methylsulfonic
* acid), citric acid, glucuronic acid, malic acid, pamoic acid, or ethane-1,2-disulfonic acid.

[0058] Suitable solvents are hydrocarbons such as toluene, halogenated
hydrocarbbns such as di- or trichloromethane, tetrachloroethane, esters of aliphatic carboxylic
acids and alcohols (Cy-Calkyl esters. of acetic acid) (ethyl acetate), lactones (vélerolactone),
ethers (diethylether, methylpropyl ether, t-butyl-methyl-ether, dibutyl ether, dimethyl ether),
aliphatic C4-Csketones (methyl propyl ketone, diethyl ketone or methyl i- or t-butyl ketone). The

pH value in step ¢) may be advantageously adjusted to at least 9.5. Suitable bases include, but



acids and al cohols (C2-C4al kyl esters of acetic acid) (ethyl acetate),

" lactones (val erol actone), ethers (diethylether, nethylpropyl ether,
t-butyl -net hyl -ether, dibutyl ether, dinethyl ether), aliphatic

C4- Caket %ﬁ%ocfﬁ)@%@" propyl ketone, diethyl ketone or waibyhosossns t-butyl
ketone). T pH value in step c) may be advantageously adjusted to at

| east 9.5. Sui tabl e bases include, but 114 WO 2006/ 037043
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[0061] The compound of formula IV may be prepared as an integrated part of the
process for synthesizing the compound of formula I as described above by using tartaric acid as
the salt forming acid. Alteratively, the tartrate salt may be formed by reaction of the isolated
compound of formula I with tartaric acid. 3

[0062] In one embodiment, N-(4-flucrobenzyl)-N-(1-methylpiperidin-4-y1)-N’~(4-(2-
me}thylpropyloxy)phenylmethyl)carbamide hemi-tartrate is formed according to the following
method: |

a) react about 0.9 to about 1.1 equivalents of (4—ﬂuorobenzy1)-(1—methy]pipen'din-4-

yl)amine of formula IT
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met hyl propyl oxy) phenyl net hyl ) car bam de hem -tartrate is fornmed according to
the following nethod: a) react about 0.9 to about 1.1 equivalents of
(4-fluorobenzyl)-(1-nethyl piperidin-4- yl)amne of forrmula Il 15 WO
20061037043 PCT/ US2005/ 034813 F 0 CHZ NH_CN-CH3 with 1 equi.val ent of
4- ( 2- met P B8990k y) phenyl net hyl - i socyanat e of for mulBHY 00’@@\304- CHz- O
\ CHZ NCO H3C b) add tartaric acid, and c) isolate the hem-tartrate of
t he conpound of fornula | fromthe obtained suspension. The hens-tartrate
may al so be obtai ged\t hrough pretipitati on by cooling, solvent renoval,
adding a non-@HraN i naNi-éh, of these nethods. In one
enbodi ment, one or=wore sol vents e added in step b) (tfhat have a | ow
solubility for the hem -tartrate, such as isopropyl acetate, a ketone
(such as acetone or 2-butanone), and/or. tetrahydrofuran. The tenperature in
step b) is preuthflesagmplgntof GiAmebirrontoxy phepymeysgoanate il frpie War t r at e
preci pitates and fornms a suspension, which my be stirred for up to 3 days
before fil teril-qg\off the solid omthe reaction m xture preferably at
anmbi ent conditi onsH—ﬂmzﬁbaqz—lm)qc@e washed, and then dried at
tenperatures up Yo 50 C, if desiréd, under vacuum [0063] The hemi-tartrate
of formula IVHS obtained in hi gh yields and purity. TheE) nother |iquors
can be used to isolate nore hem -tartrate of fornula IV in the usual
manner. The, henm -tartrate may be further purified by conversion to the
free base o fagflf‘?ﬁtﬁréc"}m M isolating a solution of the base, which is then
used t o re-py dsdlqi¢ thahemittiieath efthe éodipbiirdtog fdbyiulh o ddiobiatiad akpentiad.t ari ¢ aci d.
Crystal lipe.for fN-(4-fluorobenzvl.)-N-(1-methylpinmeridin-4-vl)-N -(4-(2-
et by nr OISRy AT S Y POHPEL oY i ok e B Bherheve) ksl ) 1
was sur prd singlvyntf @wrdmbistion toh the e ot dn ohe émbiodinteat, bdé @amrd@lehk alened i n
a nunber af crystalll] forms. .such, crystalline solid formproduced by
he above HECRI TN iTEIOH TG LT AT P PRERrF et & ErmabhFBE & or m A
Cryst al | i kikené (uech A agesreroalbytawae) @idfvs tegahtydrofusai The tampaane isdteped) échravhen
subj ected_t at jin rnLno inetric .analysis.coupled to FT _infrared
apebt roscihy TG ditbict F ARECHEYC. TR} bt BB R ERL PR Cmbc PRy b ange. up
t o an anowitith mef bakited @& tpoto3 ¢ays befhde fivtgringeoff) ltite, solih frotn tidreheliog etitnal | vy
correspond to,.a henm.-hydrat.e. wev.e the water | nl al bqund,
s nce: L hersiema, AT BhaS Coplor, IR BHEL sl Y, B el i, VER e E
conpl et e tampadyowd upltb 60 €&, ifldeeredatnder veammal so easily be renoved by treatnent
[0063]  The hemi-tartrate of formula IV is obtained in high yields and purity. The

mother liquors can be used to isolate more hemi-tartrate of formula IV in the usual manner. The

hemi-tartrate may be further purified by conversion to the free base of formula I and isolating a

solution of the base, which is then used to re-precipitate the hemi-tartrate by the addition of

tartaric acid.

methylpropyloxy)phenylmethyl )carbamide hemi-tartrate (Forms A-C)

[0064] It was surprisingly found that the compound of formula IV calj be 6btained in

a number of crystalline forms. One such crystalline solid form produced by the above-described
method is hereinafter referred to crystalline form A. Crystalline form A generally contains some
water as demonstrated when subjected to heat in thermogravimetric analysis coupled to FT
infrared spectroscopy, or by Karl Fischer titration. The water content may range up to an amount
of about 2 to 3 percent by weight, which would generally correspond to a hemi-hydrate.
However, the water is only weakly bound, since the weight loss starts just above ambient
temperature and is complete at about 150 °C. The water can also easily be removed by treatment
with dry nitrogen for a longer time (about up to 20 hours) and form A can also exist in a water-

free state. DSC indicates that the melting point of the dehydrated form A is about 133-135 °C



with dry nitrogen for a longer tine (about up to 20 hours) and form A can
also exist in a water- free state. DSC indicates that the nelting point of
t he dehydrated formA is about 133-135 C 16 WD 2006/ 037043

PCT/ 1JS20Gp606wf3a43 (Peak tenperature) with an enthal py §2§@"/9n81 f about
70 J/g. Form A shows a considerable water uptake when exﬁ% P& %uni di ty,

especi al |y above 75%relative humdity. The water is given off when the

relative hu dlt is decreased. to O%a dle s behavi our pi c
for a del® ﬁatturg)o‘f‘”iﬂﬂan FHR RS &POLFgﬁﬁ{ﬁ;g g’ogrs)?sﬁf’%sllqsiaﬁ% for m A
is well sabaﬂéal@tak@wnar ex‘rpb@a@é huma&;erespe@mcnbg&mm semdweﬁﬁrmdﬁﬁ Mmihx @dteyvist h

wat er. The .co nd ,of for hows, a i n ot organl C
sol vent s. 9@(695? °P s TPy r}rlum%w Heagydo §{1r§|af‘%fﬁ ﬁﬁlﬁuh %8 18 %?Slzgtf%{l li ne
formC (daﬁﬁqdebedt $08H.01%e, compamarmmuﬁantwraedqmnme dorigA tiowtih eoladdoinem@r ocess.

[ 0065] The owder d| acti.o of for ted in Figure
S AR R A A g S R A
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(vs), 4.35 (rT) [0065) 10 €9 X-1 Bévdes Yiffradfich ﬁauéﬁ ¢Morm |0 isv@bicRd Sn Egaad ment s,
formAls ent SO|I m of the poun f formula IV i am)unts
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20 G, and filtering off the precipitated solid and drying it. [0067] In
sone enbooff’ nts, the m xtures of ethanol and isopropanol may contain up
t o about 15 andoogsf e pC@fstemlaéJfomn Apcat Be prépavedl it aeomnaeminnbﬂgmmﬁaﬁ@ﬁon

Et hanol |sthe eferr alvent... It is also erre to use dried

Gt hanol Bt Sl pr DRt i ptortiiy AP SuBibh b g Proces
enbodi rrentfél;théhepﬁitﬁﬂafﬁgktdlﬁ[éﬁ&ha&tlﬂﬁndhﬁeirom about 55 to about 90 C and
preferably fro out 55to xture is dat el evat ed
t enper at ur es )ugj)ﬁ splvipg fhe ¢ ?bj?fg%’g’fll?aflgﬂw{;la&(’]{n(\?ap 3‘5@5%I°3f’% ﬂ’idéiool ved.

Sl ow cool i ng rrqyopmalataevatad)tmipgfaﬂmte of about 0.1 to about 3 C/mnute,
preferably a C/ mnu articularly about 0.2 to
about 1 C/ ni tjeowqﬁ(ﬂ?b?gdﬁ% QE‘ﬁPPﬁor?tg?]?ff%gﬁ P&@v @518& 50 C and it was
observed t hat) &ilteﬁﬁgﬁkthamtlpltamirsolﬁdmnﬂm@ﬁt.st| rring at such a tenperature

T T e L

up to about 15 and more pleferably up to 10 volume percent isopropanol. FEthanol is the

preferred solvent. It is also preferred to use dried ethanol, optionally in admixture with dry
isopropanol. In some embodiments, the elevated temperature is from about 55 to about 90 °C and
preferably from about 55 to about 65 °C. The mixture is stirred at elevated temperatures until the
compound of formula IV is completely dissolved. Slow cooling may mean a cooling rate of
about 0.1 to about 3 °C/minute, preferably about 0.2 to about 2 °C/minute, and particularly ‘abouf
0.2 to about 1 °C/minute. Crystallization started at below about 50 °C and it was observed that a
thick paste can form when stirring at such a temperature for about 1 hour. Heating again to the
higher temperature and then cooling again generally results in a suspensidﬁ, which can be stirred
at about 40 to about 50 °C and also when further cooling to a temperature of less than about 20
°C, preferably about 5 to about 15 °C. The cooling rate after stirring may be about 0.1 to about 3
°C/minute and preferably about 0.3 to about 1 °C/minute. The resulting crystalline solid is then
filtered off and dried by sucking dry air through the filter cake at temperatures of about 25 to less
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at about 40 to about 50 C and al so when further cooling to a tenperature of
| ess than about 20 C, preferably about 5 to about 15 C. The cooling rate
after stirring may be about 0.1 to about 3 C/minute and preferably about
0.3 to about 1 C/mnute. The resulting crystalline soljd.j filtered
of f and dMOZ*HP"¥cking dry air through the filter cakgT}ggmttOQﬁ%g?atur es of
about 25 to less :17 WD 2006/ 037043 PCT/ US2005/ 034813 than about 40 C,
preferably at about 30 C. Drying nmay be conpleted by keeping the pre-dried
sol i d f or theancbpeiadidriCt praferablycke rbona dllin Rryina misy bn tommpieta] mnvkeereat theppdriet ur e.

[ 00681 Th?oh?d) nggQrgl chmg rd&u‘}ag% Imvat%t%&erg%r %}E\%@ﬁﬁ:e%{ gi]%gxret.o a conpl etely

anor phous orm by di 'S80l vi ng e conpound 1n a dol'vent such as for exanpl e
wat er and | yopHP0a8ti ngThhe@mpealdutfifomula TH eardrdrapsiousd for gpnpietelyt snemphoes used
to manuf agt ur t her. | ynorphi.c_or._. - I j In
one. enboaiiEhey LaSTREReXPORRl i BeoPSF G as P MR Waler b BB AR ARL 1,
prepar ed sdutign. phibes anephoiuk ifdymadain diren e ossgss esnifactiae pthpr pdoirplieommender usi ng
et hyl acet gt acetone, nethyl-ethyl ketone, or acetonitrile as solvent.
Thi s crysP‘glPﬁoﬁpehws%F?% is hereinafter referred to crystalline formB.
Crystal |l i ne for[@] maycameteabodimenimnohtrerystaise demof St rcanpandbeformdaly] ect ed
to heat in ther ravimetric..anal ysis coupled to ET infrare cLroscopy,
or by Kar I PRPEERETRY pls OO e RE MEb RPikorid g 2650 sPRERERRS 0N,
of about 3cetopsmxthyi-ethyl morghbr aceldnitsle sarmalventg@hie rogystalling redlid &t egeigafter
nmonohydr at e_st abl e under. anbient .condi t4 on heoretical .con uld be
35 0] HEVEr e R SRR s AR P8R e o s L
observed safjecadbiodrit it cmpesgivimeriandlykiowouptdas FV énftacadisgéctrygscafy, ablouiar]l ess

than 20% and,farm.B can _also .exist_in ter-fr ) ~.Jhe. melting
pornt ot (A" GQrg A i et 8L il 3 B PP BRI

of about This]agounFgemerdlysindivsesaa consliydereadidble walee pmbipitadoeditidne r(theorpidsed t 0
hi gh humi di t S iak by % el atj 1,d]1 Y. r.

O onom ks FERFELES U RO WA L0, ML, SRS poblfes
del i quesceinambiest ttmperatutantilgyh relaive hunidith ofnabduttlgss difan 28oand @898 cpr08¥%0] The

X , . T of ) . o .
Spect 11 caPtyt Pk BEhL B At Bt bol P e B s Pk Pty a1
char act er esthialpy pé filson of spue?lsHgl Formd® shaivsie sontidyrably wate( wgdke whén &ppsii fo 8. 8
, 6.4 9: b, A y 50
(V89 4. 318 i Bty G Wbt el o i Ble ety o5 o
2.90 (w) . prampuncd itimo bsemzddi fremtss andfnordalid@esosncp iefmrt at ihighaelstvk ibdmidgy of of t he
conpound P’Et%ﬁl alVin anounts of at |east about 50% 70% 80% 90%
o8% w tf

95% or t he remai nder being other «crystalline fornms (including
hydrat es and sdP¥i es) Te& ey pawdar phiffracdioh griten of GBMIB iCdymtted ini Figaré 8r m B

embod: mongPer oy i? SO0 oL SR BARCKR, SRR RERRESRERAR A6
wat er or expetebspll endvalids 6A): dB4 (15), G2 (OB SONMEh®, SUctvs)as4erbr)hd9eimby4.Ket one,
heptane, {,Qh Uesfum) L8t QB 454 18), 4.20 (w), 3.87 (vs), 3.73 (W), 3.58 (m), 3.42 (w), and 2.90 (w).
Tn various embodiments, form B is present in a/solid form of the compound of formula IV in
amounts of at least about 50%, 70%, 80%, 90%, 95%, or 98%, with the remainder being other
crystalline forms (including hydrates and solvates) and/or amorphous forms. |
[0071]) Crystalline form B can be prepared in a controlled manner by various
processes. In one embodiment; it is precipitated from solutions in polar solvents such as water or
methylene chloride using non-solvents such as methylethylketone, heptane, toluene, acetonitrile
or ethyl acetate at temperatures of 0-40 °C, and subsequent phase equilibration substantially at
room temperature. Another method is the equilibration of suspensions of other crystalline forms
such as crystalline forms A or C or mixtures thereof in solvents such as acetonitrile, ethyl acetate,
ethanol/methylethylketone, ethanol/acetone, ethyl acetate saturated with wafer, acetonitrile or

ethyl acetate containing about 1 volume percent of water at a temperature from room temperature

to about 40 °C, optionally with temperature cycles. The equilibration of suspensions with the
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or ethyl acetate at tenperatures of 0-40 C,, and subsequent phase

equi libration substantially at roomtenperature. Another nethod is the
equi li bration of suspensions of other crystalline fornms such as
crystallipe for A or Cor mxtures thereof in solven

acetonltrYVFB DG[EﬁV? acet at e, ethanol/nethylethylketon%é/%Fﬁ%/é?7acetone
ethyl acetate saturated with water, acetonitrile or ethyl acetate
cont ai ni ng about 1 vol une percent of water at a tenperature Iron1room

t enper at uBorPhoys EpeAl ofidnecomppHId e Birmyla kit BrrpestRyeT eftdip abayy €1 €s optpRely

equi | | br aiaRi a0 by ISR N sty B is 4 el 200G B30 b RS 720054 034813

anor phous material of the conpound of fornula | tenperatures of O to
about 45 $itablgtsolypas g heplersy etk aggigie. acatonigie. o‘fleﬂilié changr ethylgeetaissor j s a
further neifiRtuldhethiGhd SRALRE WA Rhicd, Qﬁ@t}@i ace'me/&ﬁm)p cSRANE ?tlsvoﬂfn?e

hept ane, ethyl acetate, acetonitrile, nmethylethylketone, ethylacetate or
tertiary- Pﬁ!i?e}li‘ﬁ*éﬁtrhyl ether saturated with water, or ethyl acetate/ethanol
containing 1 Vghiiie RELELHMRY Biat mf,gwfgﬁn I YR OREERNEHe blodkciss ¥at @
formA fromthe hem-tartrate producfion can contain to sohe extent

anot her pesinjairpropspnfeorsiant rratother pHERoTPherst prgafirlber inessegetien revieled thaj Bis

pol ymor phy, 45, l:shn%fthe?'a Pyl ﬁorrb%lv%tesﬁw@%y@talhl@b&ld% Mé&ﬂifiek Rfere@hd £k 1S
hereinafter referred to as crystalline formC Crystalline formC may be
pr epar ed @;yst@Iys:ﬁemrsCm%‘fqmm fasmat mesnbegirengred Py shspengion equkibration oprygplline

pref erabl oy lor E%Mam@ thh SRR s&hi ylgfc@lsﬁls Qf fohﬁrcrrcgfstaﬁ%lyﬁ;rﬁld ik Hl%ref ormC

is nore thernodyham cal and chem ca stable than fornms A o

Cryst al | i thermfodynemalipansy Blserrmélm Stabléébanvﬁaltn@rA PhBnCogplineaformat @rsorhb%lé‘rhpt i on
at about RaXdiehdh iR AhU\W'an aaéoepﬁorpen Iayou@b@mdat% ﬁﬂﬂdlms ol hb I BF GRINGE OF

- hygroscopicity.is observed. The exposure to humdity 'does not result in a
change of dqqueese,epgfsprahxgrwommms asgryech| The rrapgspie rtp upnidity 1 dops BotaEsult5inga
relative Mngeddftt% dhaRh LRER. C5QRkA! RGh c%e@tasie%ws@mela%bémdfe@ﬁq% 0

about 60 C. Thernogravinetric analysis results in a weight l'oss o about
0. 9% bel ospniasEr angd doginat leberh water 4P fa #hobt A G ShamegrHmeiriganadysis rqglis in a

i nvesti ga{v&gﬁ} 1Bist &F BBak Blo9RbaeRt 150, BiHchOfand} SiriblieNSo @bsofded Qfaer TheC .
signal at 1 Cwth an enthal py of fusion of about 129 J/g7 The signal is

at tri but eltves§eatine with DECny ahsetineyate effbiGathgean engpfberainsignpl o { 70K cBi@si t i on
of the sulstancs faﬁon%%%meﬁzgauip@%e 1601 Ge amluee@vcd thwnemng R) @pdrdie, fOrm C

in water is veéy ystalltne formC i _}/Sltale as an_active
conpound Whergtyeirst ﬁﬁ‘f?ﬂ’ﬂ’&%&“ﬂ? phige é%taﬂ@rlﬁﬂﬁ’salt"i"‘b%bo&? I'@r°GgSoluyiliy pEarystilinex- r ay
powder di fh@Ch ivaRr Rk ehigh Wry§taifR forth € 1ﬁiﬁiéh19ts€i€11b1erbs Eﬁ GHVE conpourndPiB Gl 1 Cal 'y
the X-ray powder diffraction pattern exhibits | owi ng characterlstlc
peaks exprada B’ﬂmgﬁ’d(fo%‘lﬂﬁi@oéﬁlj“gs 12.0 (W), 10 7 (vs) 7.4 (vw), 6.9 (vw),
6.6 (vw), 6.2 fos] 5. B (Xt poavdélsdi(fmm@ Afef B) o & &?cted"m%ufé’ﬁ) 4.70
(M, 457 (s), 438 (m 4 4.00 (W, 3.04 (W, 3.770(5), 371 (m°3.49 (W,
3.46 (w), Slsecrflsalkyme raggpEWger dbfﬁractlzn %ﬁm)eﬂnhtﬁ tha rfplayeng FsegTeRElst Reakst or m C
I's preseplprds@tddn &-%lhéé ﬁgf mz(bf(vsl)hﬁ)’P@B}P?W{dwp%9f(%)”ﬂ6|63(v®)/6|2rt“§®86r61§ Of at
| east about 50% 0% 95% {3 mai nder _bei

other ot ySEAND: 28 e kO (T Tt Al et S0 438 e, w85 (5T W A7)

3.71 (m),3.49 (w), 3.46 (W), 3.25 (w), 3.08 (w), and 2.93 (w). In various embodiments, form C is

present in a solid form of the compound of formula TV in amounts of at least about 50%, 70%,

80%, 90%, 95%, or 98%, with the remainder being other crystalline forms (including hydrates
and solvates) and/or amorphous forms.

| [0074] In one embodiment, a process is provided for the preparation of pure
crystalline form C on a large scale for industrial production of the pharmaceutically active
compound. It was found that the crystallization from heated and then cooled solutions does not
readily result in form C. It was further found that form C can be manufactured in a conirolled
manner, when crystalline forms A or B are equilibrated in suspension in the presence of a polar
and aprotic solvent and seed crystals of form C are added. In an alternative to using seed

crystals, a starting material may be used that contains some crystal form C after preparation of the
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and sol vates) and/or anorphous forns. [00741 In one enbodi nent, a process
is provided for the preparation of pure crystalline formC on a |arge
scale for industrial production of the pharmaceutically active conpound.

It was found that the crystallization fromheated and sol utions
does not WPEAWI®BP4esult in formC It was further fou%%’efﬁ#éﬁﬂﬁa% C can be
manuf actured in a controlled nanner, when crystalline forns A or B are
equilibrated in suspension in the presence of a polar and aprotic sol vent
and seed empst of ferimuladVm Thesolid ianitie duspensioannay| heey eiatdly with o pustlagzesed

crystal s, t formC
after pre%]lgrr a%?gfni g)?abtgﬁt ﬁbf@é W)%%OO r 0%?%04%19 1(LPJESI‘&ZI(SG\A(% %ﬁg?f?,%%%&n%lgund of
formul a | ¥tiedTundersmpderitd epnditionss agpefos ivestenag pt %Geunéﬁlywams Thiet partiglepsizet i cl e
size in r&f ich can
e 1111 er S e pehacnboPchk gAALHIB 5 AR 2 shfent B bl &

i nstance it c@0iaz whedend theraunben of Fetedgeedinacrestads ze  obt ai ned may be dependent
on the manuf ac sc t : t he
cooling rate, @wﬁt 6h§ @?d %)? gleéﬁgg%d{;fncg%(lt:a\rﬁ%tfg S. Cﬁ%gl}%f? 11en%%et hod
for the psepasion ofoansot:ﬂ cmgosnchcbf Ifoneulfa &Y rin @ aetprsolyey af eleveied denaperagus gwinsi on
of a soli f t v Vv

t enper at u%}ﬁ%@‘é&?eﬁ T gﬂt{gﬁie@sa&\séb nei nasg%%tqufﬂﬁ?lbyﬁgﬁ n%&%?yczj[ngﬁt seeds
of form Oponumlmimwﬂﬁ@lmﬂl al conplete conversion in pure formC. [0076]

The tenperatur o TG odds O E’ef ﬁ&%@@o n@aggn@éx%fe?a%gpioy 40

to 80 C. Sui ta@? soI ven1688%or conversion to selected from
t he gr ouptocsdrfper Su;ﬁabig solgdnisghradonersipn ¢y € mishier sslectedirtro shel grapesmprising

: fact ones I N - Q s of
for m C i sah %4% lgg@g?rclhlg %{:J St%’eln%?%é’ a@%ﬁ ?Sdﬁ ?gigﬂ%gﬁg’sC3:'& }(Qon%% g s¢ol ved
and a sawih altyeds sbfocm iCoin prederfblyr wamied nubwiieo Hthet dpdid Saytni ig irf mﬂlssslvmpended.
Seeding i i t r o 80 C
o more SHGRE LRRPI roblel kPrnbiE Molsolil ol FHRSE B SchBP AT AL B0
be from 3®me@ttespetmdmyse frem 40 no X0 ﬁr@ﬁemab bscferrzrbémfr@@ St 63 é@, Stigringy
hours. I I . i d b
FrTtrati onmePEEmSienod Be e BAcE A0 D 20 LR AL, Bl JiEER 68, O,
Chni nut e. h@ooThewyspeasiorbie slowlyrcpaeld beforetisplation eﬁtlle Stnlelrhyéﬂmtign er gsatifugntiomm
L erper at Uk & oFhg¥c (DB liafP | ABNOR R, EBohgBhl 65kl o B end
preparation o cry orm
(4- f | uor ofsenerytiie-nkér fdonniempsrhtpe pe beldivn- 4-yl ) - N - - (4-(2- et hyl propyl oxy) phenyl
met hyl) car ba nﬁ@”]t ar bﬁ@‘% o(afme%to EMrg\celsstor %Qr%p'a%tl&gof c?})staﬁﬁlé ?o% SEN- the

anor phous formior "crysta |ne ornms” A, B, D, m Xt ures thereof
under’ sti f%ﬂwg)bﬁrrl}’h-l\b(d+D@thmn@!pr4ﬂ’1)@q’i{@rli!feﬁhylaltopﬂ@mm&nemlmtbﬁ)wbmmﬂ@0 to 70

C, b) con i Ainet €NPeratures from 30 to 70 C and addi ng
crystal s{é}e&(}w&?oﬁmawtgﬁ% & form C, when crystalline formC is not

present in th esug{eaqhng the arm;p]emm f@km or crystalline forms A, B, D, E, or F or mixtures thereof

under stirring in a polar and aprotic solvent at temperatures from 30 to 70 °C;

b) continuing stirring at temperatures from 30 to 70 °C and adding crystal seeds of
crystalline form C, when crystalline form C is not present in the starting material;

c) continuing stirring at temperatures from 30 to 70 °C until formation of crystalline form C
is completed;

d) cooling to the process end temperature;

¢) isolating of the crystalline solid from the suspension; and

f) optionally washing and then drying the crystalline solid.

[0078] Crystalline form A may be used as the starting material, but the process can
also be carried out with forms B, D, E, and F, or with an amorphous form. The starting material
may advantageously be dried prior to use. Drying at 40°C under vacuum is generally sufficient to
remove unwanted residual solvents (e.g., alcohols, water, or mixtures thereof) which are

detrimental to the formation of formx C. Suitable solvents for crystallization of form C may be
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c) continuing stirring at tenperatures from30 to 70 C until formation of
crystalline formC is conpleted; d) cooling to the process end
ternperatu:re; e) isolating of the crystalline solid fromthe suspension;
and f) optionally washing and then drying the crystal [ 0078]
Crystall |§’é’3“8§’9ﬁ%& 3may be used as the starting materi akb?@&fo% Rg‘“ﬁr ocess
can also be carried out with forms B, D, E, and F, or with an anor phous
form The starting material rmay advant ageously be dried prior to use.
Drying at Sd@:@dumﬁhwaemmmmpgmge nides) ¢a;b0§ﬂf0f ¢stersenipctores and rabiplestio rkpientsed

resi dual P11n(¥ S 1c les ﬂdﬁggf?ljr%’ solvent Elare &Ethﬂ}:%ﬁeg c}:ﬁ@:gfl %lﬁr?fe)hemlbﬁgl are

detrimental to t tio Sui nts
crystalI|p&ﬂwbﬁm@fﬁﬁ@kﬂhﬁ@m@yﬂwbmm@@ Aotdoosibt 3zows, REPhe)SRO06Itns 4818

sel ect ed §1.00 Mg SLONG SR LARELI Sl ALRIAKA € 3P LAt Qaps and

al i phatic ketones.” Sone specific exanples an preferre ents are
di et hyl et Itqtwhydrqfprep yihe mmgs lof @y idline formis it aF|B in Fhet spypenaiph avhen vsed pasigrtipof ur an,

et hyl acetnﬁ'feﬁ S, are]b Xﬁhﬁpénlaﬂe a%ﬁmr}@e 8%%{1&%‘[ t]?@g.ls %ila}f lcal%é]s){lh‘edlétq{‘l ne.

Most preferre vent are ketones and especi al erred s methyl ethyl
ket one andpplteétemhyidreef"ﬁlnp temperfiuee lastamtl%pref?rablws@lmut joam teropamaiurA or B in t he

suspensi on, %jsed T%E : t@x{]&ﬂéﬁg steg?fé)ea{n'd% gér?ge'}%n %6 kd {s&ﬁ‘] PRy hie

anount is chos uch t e susp i'on can stirred a applied
t enper at uraéwsmtagaoes toepmeteapartareicyelestbefyeer) higher gndd berrlsiyeratureaidw empes of

t emper at Ut Q0% Ahaclie, LERREORE W R b pREERY B) 128 ey Y dpANARLgAM 10 to

60 C advant ageous appﬂ% nperature cycl es between hi
and | ower ﬂteeﬁm?elilt@tf gryetellineTiomnsahransiyr BofThe @ddgt@paf cxgstablscedilid dilzanenp! prefefre m 0 01

to 10 andpg ér%?c@élé‘rat@ﬁeuta&fém GERE cOValthd Biths, referred to the amount of

crystalline orms add| tion of crystal seeds is in general
preferred in H08&r t@hmmwat)elar becantirned a5 horesite Aayss for ¢rempley@§ hovrs ne

forns. [0833%] ﬁ%lgn@ e}aﬁlazsﬁ %u&)tor%é eraﬁa‘%t‘lz‘ﬁ%eﬁnﬁf%néﬁ‘aﬁ/%&v% ioff At¥rie }for

exanpl e ays and ours to about ays.
t r ansf or mavbstsntiadip rdmncéﬂ arthe scmle th@@mmr@tmei the Bg}ved-é pegdelagiiahing intengiyasng, the he

t enper at ur, m&'a? 313&'31\/&@&3 5600 tﬂgg&sgsngleﬁ THAl BBdrk¥n tARImbGe c@d?%ﬁéht byl

cryst al see he suspen3| conversion tine
control | eetlowormaﬁlm retér 9frile diseppoprng %rfreﬂndtth@prad@aéé@rm‘? siher by nn-&n@lpmms

pr oduced fa{?a[lﬁlc%o?bﬂé@l{veﬁﬂ-}ga%‘axlal 13 parn@feggghn@nal ytics, or by recovering and

anal yzi ng sanples ‘of f £ | Sol ation of the crystalllne solid can
be carried out [#§llcentsolationa ﬂ@ncﬂzﬁtallﬂfel Jolif e b, camind ot Jyuesnirifegatipie onashed

for exanpleg . ﬁh@ pr%fahef By b@@qshE@%? e%p@wﬁw 50196 sh@Beh dri@Sve y@%ﬁﬁerp an be

pul ' ed through t I'ter” cak tionally under vacuum or appl vacuum
for a timges sl qamben'@llesléhrm ﬂﬁeh@%@nt%ﬁwndﬁuww ORRPPIYINg, Va@wmqfet under

vacuum angd/ie safﬁcfém§ réloRe th @&pe‘ﬁfsafﬁﬂ{h@xsdr%[?% teftnORUE: BOant /Gt ﬁp&lrat@d 't
can be noted that form C exhibits excel properties in terns

filtrati orfemnsetuRsyurrig abeid 887 Cswgh be aprlicdr ftzdan be n@wﬁatha’céem frefbipits @@sléem ially
free properties in terms of filtration and drying and a solid material is obtained that is essentially free

of residual solvent; i.e., with less than 1000 ppm, preferably less than 200 ppm.

[0082] It was surprisingly found that crystalline form C can also be prepared by
crystallization from a solution of the compound of formula [V in a selected solvent and seeding
with crystalline form C at elevated temperature. Accordingly/, in one embodiment, a method of
preparing crystalline form C is provided, comprising:

a) dissolving the amorphous form or crystalline forms A, B, D, E or F or mixtures thereof
' under stirring in a suitable solvent at temperatures frorm 0 to 70 °C;
. b) continuing stirring and adding crystal seeds of crystalline foﬁn C to the solution at elevated
. temperature; preferably at about 50 to 70 °C and most preferably at 55 to 65 °C;
¢) continuing agitation of the forming suspension at the same temperature for a time

sufficient to convert the compound of formula IV in cxystalline form C;

21



of residual solvent; i.e., with less than 1000 ppm preferably | ess than
200 ppm [0082] It was surprisingly found that crystalline form C can al so
be prepared by crystallization froma solution of the conmpound of formula

IV in a saygeir@zaet vent and seeding wth crystalline l%(f’ffﬁ@ﬁb‘?otuﬁ% evat ed
tenperature. Accordingly, in one enbodinent, a nethod o prepari ng

crystalline formC i s provi ded corrpri sing: a) dissolving the am)rphous

Sti 1 ing | b i S mrisr R eRREPLor p oo T Ao R e
continui ng stiempédgurand pefdiablg tcd ypLal; seeds of cr ystal line formC to the
solution at elevate te era r ef er abl t about 50 to 70 C and nost
preferably & @@at{nﬁd}g‘sc (élgr‘?tof“ﬁ Wajeﬁsé?ntgrl' on of the forming suspension
at the samaﬂedsmeﬁﬂltrutraﬁmfgcahdmeﬁﬂr@mgt}ﬁufyfsﬂamnemm.to convert the compound of
formula Nin c allipe formC 21 WO 0 /1037043 PCTIUSZ 05103 81113 d)
cooling the ob{oﬁ ?B"sﬁ@%’é‘f @fnfhe, porgpo i L1 TofePst 1§ S8R B MHour t o
-20 C to e@odhtrate rmeﬁ@ts Wk olgiifledp IThé em&bdtgatitno tHat tan BSrdach&) déeadsadd kg t he

crystalline solid fromthe suspension.. a f)_ .optional and t hen
dryi ng thé‘& S/%rtsgltv?rit (EOE Upe: “Pg}tfﬁ%gq*ﬁ'eor}g‘f%ﬁﬁ%ﬁ PATE, Z%%ﬂ%ﬂflﬂmgf ormul a
IV in stemidyred Sn@GFatrabydedfurkin ae pre@@ﬂadsmohaﬁtednmﬁyptballg%oatrmomg/mi asfed. The
concentration th t a e . reached depends on the

bt abE A e SR R PSR, Boup S b ap et s & wsselviig

T' et r ahy ditaing mbteri Ry berusetl UNBS imding atafipleg idchile eiyiddofivasncabe:, pﬂhatoar red as
sol vents since ty | 1 y.abo t A, can_he dissol ved at

ref | ux te}?ﬁ%?%ﬁ‘%lrg‘? %’%@ < Lian °"§%ﬁn38¥1ta°e ?PilthL?bl gh%ttenﬁ’eg F\}Pnzept Be's
starting pricebiyaftomay toldk oS efthe aiNowmt lof #dded agstﬂxeaaip liresepi b‘)Cinhldee from 0.1 to
tetrahydr etone an nol i or one e

1t oxands RN Gy d3Rnte 1R BEPRRT rmef Bs RO B SRt ap
from 40 tam—?tﬁuxﬁ of ThrekTULTie apftatian deed ucsrcgpst) dépeﬁdseﬂlsthd s0als tadd rrh)' rangy frbm from
0.1to ferabl 0 0% erredto

t he armun? %X %F\%e Eg S §°5 plf’%rra% onf m’frhugegé% 29}Hugn BB n step
c) dependprefaerablyfeons Bamau@en th Gﬂmynrsr rahmgcmo]ﬁxrgamte uahe;udl) 1Qﬁtefasrarhljz ﬁsmt&)toabd(lt 24
hours, nore.pre erabl nut ou nost ably
from 30 PR APEe SEER By bt SR B Shetig o ud Eochil [pg e FREL FuBRAAGHy 1 om
8 to 12 Cprefemblyhethbursﬁtdmmemgfemhlylbhours)nt| nued after cooling at the cooling
tenperature r for f rab r referably 14
hours. 100841 WHEA; of PRehfs Fine 85 Hufniin Ml AV RERRE PEBE THEFER

purity. Thigainatwith thé proods:teadcsembemabdw tntag cqpitit esised stamg nhdiedhl a‘bloea@mphy
contain re5| du;’:\]tf tart(t) b&%{u Id aq Pemen{ el)‘?’ﬁttnpi Ve {0 sr m%t% of CcUR4 LR 20 or

up to 10 perce wei gh I'ne ese Hixt ur es
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phenylmethyl)carbamide hemi-tartrate (Forms D-F)

[0085] In some embodiments, the compound of formula IV may form various
solvates with certain solvents. These pseudo-polymorphic forms may be used in drug
formulations or for the production of other polymorphic forms. In some embodiments, these
solvates can exist either as solvated fofms; i.e., containing a significant amount of the respective
solvent, or in a corresponding non-solvated from; i.e., in a solvent-free form, wherein the
crystalline structure is essentially retained.

[0086] One such solvate is formed by suspension equilibration of crystalline form A

" or an amorphous form of the compound of formula IV in isopropanol. After drying under
nitrogen for about 30 minutes, the formed solvate contains about 6.0 to 6.6 percent by weight of
isopropanol. The theoretical valuei for the hemi-isopropanolate is 5.6% comtent of isopropanol

and- it is concluded that the hemi-solvate has formed. The hemi-solvate with iso-propanol is
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[0090] It was also found that the crystallisation of the compound of formula IV from

. a solution in tetrahydrofuran (THF) results in a non-stoichiometrical THF solvate, which contains
from 0 to about 3% THF relative to the compound of formula 'IV, as measured by
thermogravimetry at a heating rate of 10 °C. The solvent release starts above ambient temperature
and is complete near 130 °C. This form is herein referred to as crystalline form F.

{0091} The X-ray powder diffraction pattern of form F is depicted iﬁ Figure 7.
Specifically the X-ray powder diffraction pattern exhibits the following characteristic peaks
expressed in d-values (A): 19.0 (w), 16.0 (m), 13.0 (in), 7.8 (W), 6.4 (m), 6.2 (m), 5.74 (w), 5.29
(w), 5.04 (m), 4.83 (m), 4.62 (m), 4.50 (m), 4.34 (m), 4.24 (vs), 4.05 (m), 3.89 (m), 3.76 (m), 3.58
(w), and 3.27 (m). In various embodiments, form F is present in a solid form of the compound of
formula IV in amounts of at least about 50%, 70%, 80%, 90%, 95%, or 98%, with the remainder

being other crystalline forms (including hydrates and solvates) and/or amorphous forms.
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very suitable for pharmaceutical processing in aqueous environments; for instance, for

granulation with water or with solvent-water mixtures.

[0096] Accordingly, some embodimenfs include pharmaceutical compositions
comprising the compound of formula IV and a pharmaceutically acceptable carrier or diluent. In
some erhbodiments, the compound of formula IV is selected from the group of crystalline forms
A,BandC.

[0097] The amount of compound of formula IV required substantially depends on
type of formulation and desired dosages during administration time periods. The amount in an
oral formulation may be from 0.1 to 500 mg, preferably from 0.5 to 300 mg, and more preferably
from 1 to 100 mg. Oral formulations may be solid formulations such as capsules, tablets, pills
and troches, or liquid formulations such as aqueous suspensions, elixirs and syrups. Solid and

liquid formulations encompass also incorporation of the compound of formula IV into liquid or
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[0095] Forms A and B exhibit sufficient stability under amnbi ent water
partial pressures (i.e. at relative humdities between 20% and 75% .
Furthernore, forms A and B are very suitable for pharmaceutical processing
i n aqueous environnents; for instance, for granulatiop wth 2 or with
sol vent - W@ @P06{3W¢r es. [0096] Accordingly, some enbod‘?%'r[ézg(”\(,}ﬁ%ﬁqéjde
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pol yor t howemples for pelmerh exs prater-erieblaprlymesoiugl ay prdyeasadiyylenasie sh poyogetbwndl

degr adabl g,pql, A8 nhid r AREds bolr &k 10k Gl 21adaf 1 C
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pol ;rP d, |- p@gpﬁ@@g%@g,pgbfmaé@ ac@eﬁlélesaers )(;r -amides thereof, pc;ly-acrylic acid and esters or -

amides thereof, poly-vinylalcohol und esters or -ethers thereof, poly-vinylimidazole, poly-
vinylpyrrolidon, and natural polymers like chitosan.

[0101] Examples for excipients are phosphates such as dicalcium phosphate.

' [0102] Examples for lubricants are natural or synthetic oils, fats, waxeé, or fatty acid
salts like magnesium stearate.

[0103] Surfactants may be anionic, cationic, amphoteric, or neutral. Examples for
surfactants are lecithin, phospholipids, octyl sulfate, decyl sulfate, dodecyl sulfate, tetradecyl
sulfate, hexadecyl sulfate and octadecyl sulfate, Na oleate or Na caprate, 1-acylaminoethane-2-
sulfonic acids, such as l-octanoylaminoethane-2-sulfonic acid, 1-decanoylaminoethane-2-~ |
sulfonic acid, 1-dodecanoylaminoetI;ane-Z-sul.fonic acid, 1-tetradecanoylaminoethane-2-sulfonic
acid, 1-hexadecanoylaminoethane-2-sulfonic acid, and l-octadecanoyiaminoemane-Z-sulfonic
acid, and taurocholic acid and taurodeoxycholic acid, bile acids and their salts, such as cholic

acid, deoxycholic acid and sodium glycocholates, sodium caprate or sodium laurate, sodium
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exanples for polyners are water-sol uble polynmers such as pol yoxaal kyl enes
(e.g., polyoxaethy- |ene, polyoxapropylene and m xed pol yners thereof),
pol y-acryl am des and hydroxyl al kyl ated pol yacryl am des, poly-naleic acid
and esters or -am des thereof, poly-acrylic acid and ester ) m des

t her eof , WORYsPBMY?} al cohol and esters or -ethers ther T,/UEZO(%/OMSI?

pol y-vi nyli m dazol e, poly- vinylpyrrolidon, and natural polyners |ike
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and gl ycerol mbAOY or "%P"Pg%ﬂ i ERYES Ahd T P8y oxyet hyl ene stearate. [0104]
Exanpl es for sy@d]eni Egaragentos thdkenctsuare epehetié polginasefatty addsosd faity aspar t am:
[ 0105] Exa ur.i ng agents are peppermnt, oil of w ntergreen or
fruit flééi‘r}%u?dses{efsag‘g%ﬁﬁ PPYIO8t orange flavour. [0106] Exanpl es for coating
materials are {alati n@xanmies fos hahdxalams Salx:tgaﬂarmns Budl egiitatin Adedraital] e

pol yners 010 np /es are nmet hyl or propyl par abens,
sorbic ac?rga g’]h"lréé‘r“ ol # ﬁ%"?t%iep%éﬁ d°1 hi merosal . [01081 Exanpl es for
adj uvants are f(nagr an@eanpl¢sOfbd Qfuidbxaript as Waer, dlboholsesner & dliagols ylytdid] i C
pol yners, fat.t aci salts an ers ndfatt al cohol s.
POLYo] exaimpet et Tad oxydidhs Ml etali we e dEnmhls BF bk Rt o
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for soli diso@niciagms, stkeas sugars, buffers or sodium chloride.

[0113] The compound of formula vV according to the invention may also be
formulated as effervescent tablet or powder, which disintegrates in an aqueous environment to
provide a drinking solution. |

[0114} A syrup or elixir may contain the compound of formula IV, sucrose or
fructose as sweetening agent, a preservative like methylparaben, a dye, and a flavouring agent.

[0115] Slow release formulations may also be prepared from the compound of
formula IV according to the invention in order to achieve a controlled release of the active zigent
in contact with the body fluids in the gastro intestinal tract, and to provide a substantial constant
and effective level of the .active -agent in the blood plasma. The compound of formula IV may be
embedded for this purpose in a polymer matrix of a biological degradable polymer, a water-
soluble polymer or a mixture of both, and optionally suitable surfactants. Embedding can mean in
this context the incorporation of micro-particles in a matrix of polymers. Controlled release
formulations are also obtained through encapsulation of dispersed micro-particles or emulsified

micro-droplets via known dispersion or emulsion coating technologies.
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talc, clay, mcrocrystalline cellulose, silica, alumna and the I|ike.
[01121 The pharnaceutical formulation according to the invention may al so
contain isotonic agents, such as sugars, buffers or sodium chl ori de.
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| east one ofdirdsheystafiRE TR UL IF a0 NtA Wth&Hen®BMmeR is Adist bP ARl cb¥pslingREr sed or
di ssolved in a formul ati on. The conpound of fornula |V of this _invention

and its f&miladhyi Bndhe mapistrs ef 4 medicamsat wield iy theiiphidtiey efjen petenef fati on

Wi th ot heronbh8haR&Plot, GredGRIN SsetdidHin 1REPtoRbf BES-HYSA bibcleéseat a given
condition to provide a conbination thera 101171 The crystal formand the

, , Y. Lal T
phar maceut i cal [H&%posiQresreotBes iy %@éﬁ?ﬁe@eﬂﬁ trgptEentiff GeHropskiiatigliTary,
ef f ect i ve jdchRkMRB tneBlopsyEMARD SHEeR tsElbded] RS RAAGR Serbif CoRishitk BS YEasHsS
affective disorders, denmentia, neuropathic pain and hypertension, [01181
One  enbodFRAPIPEE aschispHisa T daufTyemimy PHEOHS HsBSHiPToRiFgImAiRdTe a
host, COMAEh&kiRGen@l Abept BIordRes, bipetitB QisBRS, Bpo18f diReded, \@Eycﬁmug&ona ke
conmpound of forrmula IV, such as crystalline forns A, and C. A further
embodi nentYREECRsiE, égaing RIEPEBnBBUeher e MO Al ymPTs BYCRomotoRsiniinget ur e of

a medi canBpidyitiseh Und héirddathid jali vyiablih@RieBhg AbnRelddof Fymfa 1§, nONoan ne
receptor, preferably a serotonin receptor of the 5-HT2A subclass. [0119]
One enbodi nent 1912005 neynqther smbodimeat s, & gethed dorghe Hatimen <8f dRIatserreradis eases

i ncl udi ng dtsBRed) € HeRBRY C Paikinsbrs iSRS € $ui@lpBatse dideheM ABRIRERH PdisaRST St i ng
of psychosjs, schizophrenia, schizoaffective disorders, mania, psychotic
depr essi OIS}Pmaqefeéelpf @éromys EPH@?CSS, Syndrome, Friedrich’s Ataxia, Machado- J oseph’s disease,

Lewy Body Dementia, Dystonia, Progressive Supranuclear Palsy, and Frontotemporal Dementia
by administering a compound of Formula IV.

[0121] Another embodiment is a method for treating dyskinesia associated with
dopaminergic therapy, by administering a compound of Formula IV.

[0122] Another embodiment is a method for treating dystonia, myoclonus, or tremor
associated with dopaminergic therapy, by administering a compound of Formula IV.

[0123] Another embodiment is a method for treating a thrombotic condition
including myocardial infarction, thrombotic or ischemic stroke, idiopathic. and thrombotic
thrombocytopenic purpura, peripheral vascular disease, and Raynaud’s disease, by administering
a compound of Formula IV. .

7 [0124] Another embodiment is a method of treating addiction, incIuding alcohol

addiction, opioid addiction, and nicotine addiction, by administering a compound of Formula IV.

27



denentia, anxiety, sleep disorders, appetite disorders, bipolar disorder,
psychosi s secondary to hypertension, mgraine, vasospasm and ischem a,
notor tics, trenor, psychonotor slow ng, bradykinesia, and neuropathic

pai n by adyg & {3ng a conpound of Formula IV. 101201 her enbodi nent
is a met hggﬁ?jg?/mt%pfg treat ment of neurodegenerative di 3@&&@%?“4%@%& ng
Par ki nson' s di sease, Huntington's disease, Al zheiner's disease,

Spi nocerebel | ar  Atrophy, Tourette's Syndrone, Friedrich's Ataxia, Mchado-
Joseph' s di sead¥®25] Levfnathsacredigrtt &, 2 HphodnplarePBpg gr 8e85a%e “Sd‘g}dan‘ﬁcl ear
Pal sy, and;;EhinelQke e 3adBBRRh AcobuRKiFeiniiAN Ng a conpound of Formul a
V. [0121] Anot her enbodinent is a nmethod for treating dyskinesia
associated wth dopam nergic therapy, by admnistering a conpound of
Forrmula 1V. 101221 Anot her enbodi negkalverasnet hod for treating dystonia,
nyocl onus, or trenmpor associated with dopam nergic therapy, by

admi ni st eBxpgimentabPreeaduies of Formula |V. [01231 Another enbodinent is a
nmethod for tregyipp a BdwWaerRel BiseRAsH ikam): Pxa Wall RefoMAGRAGhAlps 1710
infarction, thronbotic or ischem c stroke, idiopathic, and thronbotic
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enbodi man'?’ Xllugsd{agﬂr%ettﬁ %g/é&eg?lgtth?oég? Fﬁ@ Igg((}j?%rtaﬁgnz lql{,{a%%% ‘El/e F%ﬂlél%o%gf)w%hi ction,
opi oi d addi2ét Thm expgrivkentilcotar ma thel disptoingnyalusy weasl therdfere edepanderty oo chpoeakd of
Formul a I Y./ WO 2006/ 037043 PCT/ US211051 034813 [0125] Anot her

enbodi ment 1s a nethod of treating a decrease in libido or ejaculatory
probl ens by adifldikt erPifigreatia diepoingd Cabrimaryn{RSE): RerkiEXAveL BSC Bipageldnent al
Procedure *@9{ z i j - 4P f d on a
Phi li ps 1%&%‘9&é%mﬁ§? T %%/gﬁ%%{ff ?acfr:l{%&rr%{zg%quog?%gg%nﬁ Sr:}t |d§ftai§rc?§${ta%g§ci ngs
wer e cal cudtiye ddmidity fort dheracterizaven efeformuBi Hepting ertendvietam gtlhmeltind p@ute Gere A,
General ly, i f.hi - .gent al
orror on’ PhEgY LS ML ErlleidleDoi 98¢ lactatue fall o J08 HRRE LI

| ocation. 101270128) f f efleRahal SpSdwserpyiPridel BF1981Nd/Y AGIB)4 niPexcitationEl Oer  DSC
7 in gold < r Nl tfC f.05 _ch terization of formA
and seal e?‘ﬁﬁ%grp%gg%ﬁe%gg%}?gg%&g%ﬁa% %%ﬁ%‘%yﬁ?@r ?eéﬂglﬁoglét erization of form
B. Heati ng rat ¢0120] K/ rTG-FTR: [Theralogayigetpio metsgrementewere lotrsiehad with eetzbrh peak

t t f ' 3 .
erper At UigEn i AR ERC RSV LATETLS, bR BRARS Sl PTRRLALLES,
100 W | adé@pinholeeritroges atisphetepheati@yrate dBi/sin)r ange 25- 3500 cm, 2 ent

resol ution. [0128h TG fg Rl RELIRILANTRLS b6 IBASHEMBP LS YRIE CBRAL! ed out
with a Netzsch

Symmetry C18, 3.0-150 mm.

Example 1: Preparation  of  N-(4-fluorobenzyl)-N-(1-methylpiperidin-4-y}-N’-(4-(2-

methylpropyloxy)phenylmethyl)carbamide

Ao

[0131] Triacetoxy borohydride (6.5 kg) was added over 1.5 h to a solution of N-

a) Preparation of

methylpiperid-4-one (3.17 kg) and 4-fluorobenzylamine (3.50 kg) in methanol (30 L) maintaining
the temperature under 27 °C. The reaction mixture was stirred for 15 h at 22 °C. The residual
amine was checked by gel chromatography (4-fluorobenzylamine: < 5%). A solution of 30%
sodium hydroxide (12.1 kg) in water (13.6 kg) was added in 75 minutes (min) maintaining the
temperature under 20 °C. Methanol was distilled off to a residual volume of 26 litres. Ethyl
acetate was added (26 L), the solution was stirred for 15 min, the phases were decanted over 15

min and the lower aqueous phase was discarded. Ethyl acetate was distilled under reduced
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Ther no- M cr obal ance TG 209 coupled to a Bruker FTIR Spectroneter Vector 22
(sanmple pans w th pinhole, nitrogen atnosphere, heating rate 1 OK/ mn).
[0130] HPLC. HPLC neasurenments were carried out with a HP LCL090M Col um
Symetry ¢ 50 mm Exanple 1: Preparation of

N-(4-fl uoﬁé‘%%ﬂr?gé?@“&k(l met hyl pi peri di n-4-vl)- N - (4- (2 PGHRYBO3438hy 1 ox
henyl nmet hyl ) carbam de a) Preparation of F CH2 H -CH3 [0131] Tri acet oxy

bor ohydride (6.5 kga was added over 1.5 h to a solution of N- ,

net hyl pi peessere 4opnh dhe rgamic lphgse dih d 3421 "HorbBEh Hogeatif Aesiqug. 56 wigyd WHh et hanol
(30 L) We@&rﬂ' é?m!xcfég ba&ﬂ%r&;ﬁ%@&eafc%ﬂdfn #HNHR "'medHodCThd Q@m&ﬁ&l%ﬂo@x[&ts”%v&% Uhd Was
stirred for 15 he resi dual am ne was checked by gel

chr omat ogffflﬁélﬁé/af(@?f]l‘lgo?é%ﬁ%@flt&mﬁh@1"ing%ju"tﬁ? ¥huti on of 30% sodium
hydroxide (12.1 kg) in water (13.6 kg) was added in 75 minutes (mn)

mai ntaining the tenperature under 20 C. Methanol was distilled off to a
resi dual Werwastiar ob6 |itres. Ethyl acetate was added (26 L), the solution
was stirred for 15 mn, the phases Hier e decanted over 15 mn and the | ower
aqueous phase was di scar ded.H,Et hyl oqcet ate~was di@tilled under reduced :GS
WO 2006/ 037043 PCT/ US2005/ 03481 /pr R @- cfhe organi ¢ phase at 73-127
'C. At this stage the resi duec\ﬁa& m xed V\gcond crude batch prepared
according to this method. Thé conbi ned products re then distilled at
139-140 C / 20( fmr t Q- p @bﬂybleazazdéhgddo(mug)t al{d>et§2mﬁ (2dOL) RieePadRhitgn of Hz
HC/ H OO CO 3 [0132] 4 I-%/ roxy benzal d and et hanol (20 L)
wer e adde®@luign &“%‘b}l"{!iifllbﬁﬁméff 91 0dkesp an‘l!}r(bsnlr)dg"t‘(s@‘u@ CR@?naFen(I%? kees agded | )

Pot assi urralﬁartta@naaﬁaeﬁéian&dﬁg) ré’i’@ﬁce@d@’ﬂﬂm angh tlge sugp@NSITd Y@sukefd.uxed
(74-78 C) for ﬁé The resi dual__4- hydro benzal dehyde was checked by

HPLC (< 109 oxbeﬁ@a ehyide e eheckrddy AT 106) Jhe eusension yés goqlsd o A& “andt st ep.
c) Prepargatd @heQfexihiegd N -OH 3HOO /-\ C 3C H [0133] Hydroxyl am ne (50%
in water, 8.7 kg) was added to the product from

N-OH
HC\ AN /
/C ] C
H,c” H \

[0133] Hydroxylamine (50% in water, 8.7 kg) was added to the product from
previous step b) (174 L, 176 kg) and ethanol (54 L). The suspension was refluxed (77 °C) for 3 h.

- Unreacted residual was checked by HPLC (< 5%). The suspension was cooled to 30 °C, filtered
and ‘the filter was washed with ethanol (54 L). The solution was concentrated by distillation

¢) Preparation of

under reduced pressure at 30 °C to a residual volume of 67 litters. The solution was cooled. to
25 °C and wrater (110 L) was added. The suspension was concentrated by distillation under
reduced pressure at 30 °C to a residual Volume of 102 litters. Petrol ether (60-90 fraction, 96 L)
was added annd the mixture was heated to reflux (70 °C). The solution was cooled to 40 °C and
crystallizationn was initiated by seeding. The suspension was cooled to 5 °C and stirred for 4h.
The product was centrifuged and the cake was washed with petrol ether (60-90 fraction, 32 L). The
wet cake was dried at about 40 °C to yield 16kg product (63%).

d) Preparation: of
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previous step b) (174 L, 176 kg) and ethanol (54 L). The suspension was
refluxed (77 C) for 3 h. Unreacted residual was checked by HPLC (< 5%.
The suspension was cooled to 30 C, filtered and the filter was vvashed W th
et hanol (54 L). The solution was concentrated by distillation

reduced PiO298e#33044t 30 C to a residual vol une of 67 I?FT@F%"“"FH@”SOI ution
was cooled to 25 C and water (110 L) was added. The suspensi on was
concentrated by distillation under reduced pressure at 30 Cto a residual
vol ume of 102 (013t} er STheRebduot frednin erevid®-s&@ )r@6Lilen,walalidsdlvedvasethddéd and

and | or yAUA SeetF ore e R et et L SRR e ed 1o

5 C and siab hydzobehoéd 22 °CEaé 1 ﬁrmdlfortﬂfmve@onsmﬁ;itmn fougﬂmeaml chdaleeddglEPIWas

hed wi.th t 0- t d at
about 40 T eByH Ben Hhelglant B sanvent 85 dffhed st e Brosiie SFeC et 07
QHO / \?oluﬁibIZfBIHZ Eﬂxy]Z&et\f@(@(lﬁlz@@Zﬂﬂbﬂ RCTHUSROBSHASHAES to feHLBEH “The

product fr r 15..7 ) soIv i,n_et han 23 L).
Acetic aé'f“%n‘]il% 1‘;}’1 I%B?aﬂ %’3 3 rtn(9 4?1%%11 tﬁ%&ry izgtipn g5 gyt 1\%%4 éy added.
The oxi rreeedus@sT}hwdype@maatae dootdd -1 hehdktiedfar 2 50rThd rod@o naticeptrifigred of

oxi me was ed by HPLC . . The catalyst Sfl r d .t he solvent was
di st | |~|ed‘“?ch?8§ ewe@aé’é%iﬁ“LBF‘é%B%%@n%?fa%%? o+ d%@ ‘fge‘”q‘“'ak ohe Vo e hyl
acet at e (tadbetapure\afabadde elC nekld Bdgi@b)ur e was heat ed to refl ux (75 C until
di ssolution. The solution was cooled to 45 C and the crystallization was
initiated by seeding. The suspension was cooled to 6-10 C and stirred for
2. 5h. The) puepeatioh ofvas centrifuged and the cake was washed with 2 portions
of ethyl acetate (2 x 0.8 L). The wet cake was dried at a tenperature of
about 40 Cto yield 8 kgHa( 1 N2e) Prepagation of HZ H3Q C O CHZNCO
C HH3 101351 Aqueous sodi En/ﬁy oXi gk % gg) was added to a
suspensi on of the produ,gtC/f’Hom previ s ep ) %‘ kg) in heptane (41
L). The solution was heat®d to 47 C, red for 15 m n and decanted over

The soi vent i Tomovet by “rar DI o e K S R £ alimaba Rl e o

product from previous step d) (7.9 kg) in heptane (41 L). The solunon was heated to 47 °C,

stirred for 15 min and decanted over 15 min. The pH was checked (pH>12) and the aqueous
phase was separated. The solvent was removed by distillation under reduced pressure at 47-65
°C. Heptane was added (15 L) and then removed by distiliation under reduced pressure at 58-65
°C. Heptane was added (7 L), the solution was filtered, and the filter was washed with heptane
(7 L). The solvent was removed by distillation under reduced pressure at 28-60 °C.
Tetrahydrofuran (THF, 107 L) and triethylamine (TEA, 6.8 kg) were added and the temperature
was fixed at 22 °C. In another reactor, phosgene (5.0 kg) was introduced in tetrahydrofuran (88
L) previously cooled to -3 °C. The THF and TEA. solution was added to the solution of
phosgene in 3h 50 min, maintaining the temperature at -3 °C. The reactor was washed with
tetrahydrofuran (22 L). The mixture was stirred for 45 min at 20 °C and then for 90 min at reflux
(65 °C). The solvent was distilled under reduced pressure at 25-30 °C to a residual volume of 149
L. The absence of phosgene was controlled. At this stage, phosgene was still present and the
suspension was degassed by bubbling nitrogen through it. After this operation, the level of
phosgene above the solution was below 0.075 ppm. The suspension was filtered and washed with
tetrahydrofuran (30 L). The solvent was distilied under reduced pressure at 20-25 °C to a residual
volume of 40 L. Tetrahydrofuran (51 L) was added and the solvent was distilled under reduced
pressure at 20-25 °C to a residual volume of 40 L. The final volume was adjusted to about 52

litters by addition of tetrahydrofuramn (11 L). The solution was analysed and used in the next step.

f) Preparation of the title compound of formula I
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C. Heptane was added (15 L) and then renoved by distillation under reduced
pressure at 58-65 C. Heptane was added (7 L), the solution was filtered,
and the filter was washed with heptane (7 Q The solvent was renoved by
distillation under reduced pressure at 28-60 C. Tetr THF 107
L) and trV@HYWUM*he (TEA 6.8 kg) were added and thea?é(fIIIgZIrOa/@IIIIIEIIj

fixed at 22 C. In another reactor, phosgene (5.0 kg) was |ntroduced in
tetrahydrofuran (88 L) previ ousl cooled to -3 C. The TFi F and TEA

sol ution was added to the sol uti sof phosgene in 3h 50 min, maintaining
the tenperature at -3 C. The re r was washed w t%r tetrahydrofuran (22
L). The m xture was StaJreq for 45 mn at 20 C@nd thegu, for 90 mn at
reflux (65 C). The solv till ed rceguced pressure at 25-30 C
to a residual volune of &% he absenc phosgene was controlled. At
this stage, phosgene was stll c suspensi on was degassed by
bubbl'ing nitrogen through it. A ter(I)I th| S 6perat| on, the |level of phosgene
above the solution was bel ow 0.075 ppm The suspension was filtered and
washed with tmisg@hydmaé pfoﬂﬂct(ﬁaﬁl @evﬁIibEStépIe)/(!ﬂtL)\Aﬁﬁs glidsd id 1 @do wB6letion educed
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Example 2: Preparation of pure crystalline form Y of compound of formula I

[0138] 15.78 g of the tartrate salt prepared according to Example 10 described
below was dissolved in 130 ml water. 500 ml TBIME was added and the pH adjusted to 9.8 by
addition of 2 N NaOH solution. After precipitation of a white solid, the aqueous phase was
extracted 5 times by 500 ml TBME. The organic phases were concentrated until a volume of

. about 400 ml remains. The solution was stored at 6 °C. The precipitate was filtered, washed with
TBME and finally dried in vacuum for 5 hours. Yield: 8.24 g of a white powder. The mother
liquor was concentrated to a fourth and stored at 6°C. The precipitate was filtered and dried in
vacuum for 18 hours. Yield: 1.6 g of a white powdex.

[0139] PXRD revealed a crystalline sample. The powder X-ray diffraction pattern is
shown in Figure 1 and the characteristic peaks in 2 theta with the corresponding d-spacing values
in A are given in Table 1. Raman spectroscopy also indicated a crystalline sample. No Raman
peaks from tartaric acid were found. TG-FTIR revealed a masslloss of about 0.4% between
60°C and 150°C, believed to be caused by the liberatidn of TBME. Above about 190°C, the
sample started to decompose. DSC (-50°C to 210°C, 10°C/min) revealed a melting endotherm at
124°C.
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10C/ m n) reveal ed a el 5iNg ewdotqun1at TZ2C FT WO 2008/ 037043
PCT/ US200S/ 034813 |clu|2§kg Sp TJgS for—crystat—formrY{(free base) Angle
[ 20] d-spacings [ Al—nt elf" gualtative)—6-813-0—vs—8.1 10.9 vs 13.0
6.8 vw 13.7 6.5 5| 142826 2w 124 5 2w 19 1" 7 m 19.7 4.5 w 20.8
4.3 s 21.0 4.22 vs 2274 4.00 m 328.2 3.53 vw W
' 27.5 3.24 ' w

27.9 3.19 w

29.0 3.08 w

30.7 2.91 w

33.0 2.72 w

[0140] Approximate solubility of the free base was determined at room temperature

for 11 solvents as listed in Table 2.

Table 2: Approximate solubility of the crystalline free base of formulalin various solvents

Solvent Solubility (mg/ml)
acctone 100
ethanol 260
ethyl acetate <30
isopropanol 100
tetrahydrofuran - >250
acetonitrile <50
dichloromethane > 500
1,4-dioxane 140
methanol 170
toluene <70
water <4
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26.2 3.40 vw 27.1 3.28 w 27.5 3.24 w 27.9 3.19w 29.0 3.08 w 30.7 2.91
w 33.0 2.72 w [01401 Approximate solubility of the free base was

determ ned at roon1tenperature for 11 solvents as listed in Table 2. Table
21 Appr oXiyigh ility of the crystalline free base of formula | in

vari ous sgﬁ§eﬁ?§ ol vent Solubility (my/m) acetone 165““3?%QW8$1§60

ethyl acetate <30 isopropanol 100 tetrahydrofuran > 250 acetonitrile < 50
di chl or onet hane > 500 1, 4- dloxane 140 nethanol 170 toluene < 70 water <
4 32 V\O AYYe 3 1Ad i G' ff A_t th D = h
hen1-tartggﬁﬁkpm?fornula |V fron1the solutlon obtalned I n Exanple I (f) a)
Crude product salt formation 10141] To the solution of the conpound of ;
For mul a |12)iGudeomedrd g3t foapaéiemt e (96 L)  according to Exanple 1(f) was added
at 23 C a pr ev'omal Y P6 aRabRHos of wt b&ﬁbo@ﬁd b drdhith ¢ i Gbptopyl heefatk @d6 LR wat er
(1.7 L) and tetrahydrofuran (23 L). The residual suspension was stirred for
2.5 daysacﬁ?rdlzz teExappde { @) wesprdded ptide G BravieYs! wgpaﬁférﬁpklmrug%@ﬁaama%e cake
was washe g?hlﬂaterrzpm me@ihya@ﬁ%m) L ANR] fflpensidBwhd stiffed 8630 5 of 107

kg of not uors was saved for later use in obtaining the tartrate
salt. Thed%tat %R‘é Thestanatecaudgtrefyeiuyassniciiesd frbibg cakeawrgwesbebyvitho? oduct .

b) Purifigatidn®Rr LOkIR1 ackhe ad b 2).6a eJtdld® 107 REWE imobtfer GRS QS ssdPror) (8.1

kg) was di ssolved_ in
later use in obtaining the tartrate salt. The wet cake was dried at about 40 °C to yield 8.3 kg (50%)

product.

b) Purification

[0142] The tartrate crude product of previous step a) (8.1 kg) was dissolwved in
demineralized water (41 L) at 22 °C. Isopropyl acetate (40 L), 30% aqueous sodium hydroxide
(4.3 kg) and sodium chloride (2 kg) were added. The pH was checked (>12) and the solution was
stirred for 15 min. The solution was decanted over 15 min and the aqueous phase was separated.
The aqueous phase was re-extracted with isopropyl acetate (12 L). Demineralized water (20 1) and
sodium chloride (2.0 kg) were added to the combined organic phases, the solution was stirred for
15 min, decanted over 15 min and the aqueous phase was discarded. Charcoal (0.4 kg) was added
and the mixture was stirred for 20 min and filtered. After a line wash with isopropyl acetate (12
L), the solvent was removed under reduced pressure at 20-25 °C. Heptane (49 L) was added and
the suspension was stirred for 15 min at 40 °C. Then, 8 L of solvent was removed by distillation
under reduced pressure at 38-41 °C. The slurry was cooled to 20 °C and stirred for 1 h. The product
was centrifuged and the cake was washed with heptane (5 L). The wet compound of Formula I
(5.5 kg) was dissolved in ethanol (28 L) at 45 °C. A solution of tartaric acid (0.72 kg) in ethamol (11
L) was added at 45 °C and the line was washed with ethanol (9 L). The solution was cooled to 43
°C, seeded with the tartrate salt of the compound of Formula I, then the slurry was cooled to
35 °C in 30 min, stirred at this temperature for 1 h and cooled to -5 °C. After 14 h at this
temperature the product was centrifuged and washed with two portions of ethanol (2x6 L). A
total of 42 kg of mother liquors were saved for later use in obtaining the tartrate salt. T"he wet
cake was dried at about 45 °C for 76 h to yield 4 kg.

c) Additional isolation from mother liquors
[0143] = Additional product was obtained from the saved mother liquors as follows.
The solvent was removed by distillation under reduced pressure at 24-26 °C from a solution of

the crude tartrate mother liquors (107 kg) from step a) and the Formula I-tartrate amother
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(theoretical value of water content 1.8%). However, water was only weakly bound, since the
weight loss starts just above ambient temperature and was complete at about 150 °C. The water
can also easily be removed by treatment with dry nitrogen for a longer time (abeut up to 20
hours). The melting point of the dehydrated form A was about 133-135 °C with an enthalpy of
fusion of about 70 J/g (peak temperatlire, measured by DSC). Form A shows a considerable water
uptake when exposed to humidity above 75% relative humidity. The water was given off when
the relative humidity was decreased to 50% and less. This behaviour was typical for a
deliquescent solid.

[0145] Approximate solubility was measured by preparation of saturated solutions
in various solvents and gravimetric determination of dissolved substance after solvent removal.

The results are giifen in Table 3.
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Crude product from Example 1(f) (5.5 kg) was dissolved at 45 °C in ethanol

(28 L). A solution of (+)-L-tartaric acid (0.72 kg) in ethanol was added at 45 °C and the line was
washed with 9 L of ethanol. The solution was cooled to 43 °C and seeded with the hemi-tartrate

of formula IV. The slurry was then cooled to 35 °C over 30 min, stirred at this temperature for 1

hour and cooled under stirring to -5 °C. After 14 hours stirring at this temperature, the product

was céntriﬁ.lged and washed with 2 portions of ethanol (2 x 6 L). The wet cake was dried at 45 °C
for 76 hours yielding 4.0 kg of product (83%, based on tartaric acid). PXRD of the product re-

vealed that polymorph A was formed.

Example 5: Preparation of the hemi-tartrate of formula IV from crude free base of formula I

[0147]

Crude product according to Example 1(£) (4.3 kg) was dissolved at 45 °C in

ethanol (23 L). A solution of (+)-L-tartaric acid (0.58 kg) in ethanol was added at 45 °C and the

line was washed with 6 L of ethanol. The solution was stirred for 20 min (formation of solid

precipitate) and the slurry was cooled to 35 °C over 30 min. The slury was stirred at this

temperature for 1 hour and then cooled to -5 °C. After 14 hours stirring at this temperature, the

product was centrifuged and washed with 2 portions of ethanol (2 x 4 L). The wet cake was dried
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with the frozen solution was connected to a |yophilizer. Lyophilizer type:

M UST, BElr & ofion dftfshallint LAl sk RIRME 6 inidRs, about 0. 10 mbar, and
[0149] 142.5 g of the product from Example 5 was suspended in absolute ethanol

(750 ml). The white suspension was heated under stirring over 30 min to 70 °C. From 60 °C, the
solution was clear yellowish. The solution was slowly cooled and the product started to
crystallize at about 48 °C, Cooling from 48 °C to 15 °C was performed over 4 h The suspension
was stirred for 1.5 h at 15 °C. Thereafter, a thick suspension was formed. The precipitate was
filtered under vacuum, washed twice with 70 mi absolute ethanol and then dried in vacuum at 40
°C. The dry weight was 135.2 g (95% yield).

[0150] This product was again suspended under stirring in 850 mil absolute ethanol
and heated over 30 min to 75 °C. The dissolution was complete and the solution was substantially
colourless from 58-60 °C. The solution was filtered at 75 °C, the line was washed \;vith 50 ml
absolute,» ethanol, and the solution was then allowed to cool under stirring. Crystallization
initiated at 48 °C. The product crystallized at about 42-44 °C and a voluminous precipitate was
formed. The suspension was allowed to cool over night to room temperature. The suspension was
filtered at 20-22 °C and washed twice with 50 ml absolute ethanol. The white and solid product
was dried over 48 h under vacuum at 42 °C. The dry weight was 123.6 g (92% yield).

- [0151] The X-oay powder diffraction pattern is shown in Figure 2 and the

characteristic peaks in 2 theta with the corresponding d-spacing values in A are given in Table 4.
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Example 8: Preparation of crystalline pure form A by re-crystallization

[0152]

105.0 g compound of formula IV as obtained in Example 5 was dissolved

under stirring at 65 °C in 560 ml absolute ethanol and then cooled under stirring to 48 °C at a

cooling rate of 1 °C/min. Crystallization started after a few minutes at this temperature and the

suspension turned to a thick paste within 1 h. The suspension was heated again t0 60 °C and then

cooled to 48 °C at a rate of 1 °C/min. The obtained suspension was stirred and cooled to 15 °C at

a cooling rate of 3 °C/h. The crystalline precipitate was separated by filtration and the bottle was

washed with 50 ml absolute ethanol cooled to 5 °C. The crystalline residue was then dried in air

at 30 °C for 18 h and thereafter under vacuum and room temperature for 40 hours to yield 98.1 g

crystalline product,

PXRD indicated that the product was polymorph A. TG-FTIR shows a

weight loss of about 2.5%, which was atiributed to water and a small amount of ethanol.
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Example 10: Preparation of crystalline pure form A by re- cg[stalhzanon

[0154] 150.0 g compound of formula IV as obtained in Example 3(b) was dissolved

under stirring at 65 °C in 112 ml absolute ethanol and then cooled under stirring to 48 °C at a
cooling rate of 1 °C/min. Crystallization started after a few minutes at this temperature and the
suspension turned to a thick paste within 1 h. The suspension was heated again to 60 °C and then
cooled to 48 °C at a rate of 1 °C/min. Thé abtained suspension was stirred and was cooled to 15
°C at a-cooling rate of 3 °C/h. The crystalline precipitate was separated by filtration and the boitle
was washed with 10 ml absolute ethanbl cooled to 5 °C. The crystalline residue was first dried
. under vacuum and 40 °C for 50 hours to yield 146 g crystalline product, which was according to

PXRD pure polymorph A.

‘Example 11: Preparation of crystalline pure form A by suspension equilibration
[0155] 20 mg of the compound of formula IV from Example 3(b) was suspended in

a solvent and stirred for 4 days at a variable temperature with cycling from 18 to 40 °C. The
product was identified as crystalline form A by PXRD or Raman spectroscopy when using the
following solvents: ethanol, isopropanol, heptane, methy1 ethyl ether, t-butyl methyl ether
(TBME), ethanol and TBME, ethanol/heptane, TBME saturated with water.

Example 12: Preparation of crystalline pure form A by suspension equilibration from amorphous

form
[0156] 64 mg of amorphous compound from Example 6 was suspended in 1.0 mi
tetrahydrofuran and stirred at 5 °C for 18 hours. The solid was filtered and dried under nitrogen
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under nitrogen at 25 C for 18 h and thereafter under vacuum and room
tenperature for 20 hours to yield 19.9 g crystalline product. PXRD

i ndi cated that the produce was polynmorph Awith simlarities to formD.
TG FTI R shwoeehsas g ght | oss of about 7.7% which was gty

i sopropanol and water. The product was again dried at ?0 éslgn sgog?stl?or 20 h
yielding a product wth a wei ght | oss of about 5%isopropano| and wat er.

Exanpl e 10: Preparation of e re form e talLization
[01541 158. %0 CHRIGHTY [t 2 1&6’?1 F}QS% Jing dom, r’%u‘”r'ﬂiseé]dA Pthﬁ/ %%%B?(‘b VIS

di ssol vedspettivdespystirring at 65 Cin 112 m absolute ethanol and then

cool ed under stirring to 48 Cat a cooling rate of 1 C mn.
Crystallization started after a few mnutes at this tenperature and the
suspensi OBxapl €4 Prébamtibm bty spdisie @uisl fhii A b sizpentioe equilipaion from awmsphbaat ed
again to 60 C and then <cooled to 48 C at a rate of 1 C mn. The obtained
suspensi ofas stirred and was cooled to 15 C at a cooling rate of 3 C h.
The crystallingigreci piot @E&Moﬁﬁ&ﬂzﬁp@h&ﬂﬁw Hxambplead e sidpshdéchen boot il e  was

washed wit 0, nil | ut.e et hano The crystallinge,residue
was 11 ot clpepogscelyh OF DA e oS €% oS iRe o o b A A C
crystal | i ogstpine derin A wai idbntifiad bpRatdnGhétgodcopy. PXRD pur e pol ynor ph A, Exanpl e
11: Preparation of crystalline pure form A by suspension equilibration
[0155] 20 ng of the compound of fornula IV from Exanpl e 3(b) was suspended
in a sol genipland Pséparatietlof @ystallind v faim A by auspaibios edquilitpaion fridmemaiphbuscy cl i ng
from18 tgp 40 C. The product was identified as crystalline form A by PXRD
or Raman @B%ct roscopy when using the follow ng solvents: ethanol,

i S(ﬁpl’ oloanol]I hq;qulss]ne,h zv)e]fn/b%elmoqﬂabw caziifoed, frbmlﬂthiéle @W?]Wbusﬁdnb&if in QOT)B,NE)
t han nd. T , et han TBME. r at t
I%r ega?at ?Bﬁahéfgrl\%"ﬁgtaﬁﬁllt%?estﬁﬁ 3&?& o\ ftj aeﬁ’é‘f \El)mcf?“é&mpfrﬁtﬂﬁe {%X%(ﬂp(lf r om

am)rphousCryétmlﬂme[f@-&ﬁB];vaMern@’led)ByWnﬂb@umcomnpound from Exanpl e 6 was
suspended in 1.0 ml tetrahydrofuran and stirred at 5 C for 18 hours. The
solid was_filfeé
PCT/ US2005706 32 ; frpet : '

identified by Rﬁm or dﬁarmhnf arSa[hlﬁéZduE @(ﬂ@tﬁmwontﬁnmmabcmt 1617 mEbieqbamﬁﬁpoomﬂ off

crystalli ur % spen uil i o) form
[0v57] oot maS it dme B e e A e el o BB - o
et hanol /swaeesonevaé dtiried fan’l?dddyhleﬁlrrﬂl\/iﬂﬁ mls ddded a’ﬂddmymg wastdmnﬁ:ryxedl fong hbuream r oom
tenper at ure nti b
spect r oscopy’ O?léxwarsréltgre&}lfsaﬁagrpl lgt on atfr %t t%lél r{%r ﬁﬂ]’ dq%@%ago%B
suspensi owasddemtified g tXRRD bir Rumaa spacrboorsy. TGdi‘Im shows a we1ght loss of about 2.5 %,

which was attributed to water. The X-ray powder diffraction pattern is shown in Figure 3 and the

A was

characteristic peaks in 2 theta with the corresponding d-spacing values in A are given in Table 5.

Table 5: d-Spacings for the crystalline form B of the compound of formula IV

Angle [°20] d-spacings [A] Intensity (qualitative)
5.1 174 Vs
8.7 10.2 ]
10.0 8.8 W
13.7 6.4 w
15.0 : 591 Vs
16.2 5.46 w
17.8 4.99 m
18.1 4,90 m
19.2 4,62 m
19.7 4,50 Vs
20.3 4.37 Vs
21.1 4.20 w
23.0 3.87 Vs
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[ 01581 20 ng anor phous conpound from Exanpl e 6 was suspended in 500 gl
tetrahydrofuran and then stirred for 3 days with cycling fromroom
tenperature to 40 C. Crystalline formA was identified by Raman

spectrosc | e 15: Preparation of crystal form i.tation

W th antiw?oélﬂ?/@ét?ﬂ?ret hyl ethyl ketone [01591 600 pl FCP%SB)W@%&? sol ution
cont ai ni ng about 160 ng of the conpound of fornmula IV from Exanple 3(b)
was added to 10 ml thyl ethyl ketone (MEK) .at 5 C _The suspensi on was
stirred for 3 days| Bngle [WEK wabspaciisdAhnd Ietensityilmglitas) cqnt i nued for 5
hours. The solid Wwas bhldereq-ofT; and dried 1n g, r Tor aj room tenperature
for 12 h. Crystall e b‘tﬁlgn B—was 1t gentTfrred 'uyﬁ‘}1 aman spectroscopy.
TG FTIR shows a wej-ght—1-6ss—of abett—2-51%whi-ch—was—atHri buted to water.
The X-ray powder di fjrgrétlnn phattp}ﬁ |$<hnwn in¥igure 3land the
characteristic peaks i 08 thetla wi % the [correspoidi ng d- gpaci ng val ues in
A are given in Table 5. Table 5: d-Spaci ngs for the crystal line formB of
t he conpqun orrmula 1LV _Angle Q .-g n|ty

(aual 1t aErgeele bodllich otk s et RS RIRG N BRERE' Y 1o ¢ o)
vs 16.2 5 46[01/60]17 804n990fm sollﬂloil e@nﬁﬁimg\1339n30ﬂﬂﬁkompounﬁ91f?foxz&1uﬁ)l’\&/s 20. 3

4. 37 vsS 20061037043 PCT11JS20 4813
Mool oS 5 afbiging i Poatlte 2307 i it Randi VA RA0R DRSSO TY §P08s
26.1 3. 4ﬂepAane3D1e8foﬁne9@umpenExmmp$ enrﬂeﬂ for24elp aheatfilered off and yisitdin diroat modh by

precipitation, w n ve e e..[.0160 0 ol uti
cont ai ni ?&’ PrHRITS dor 8% {:ﬁﬁﬁﬁfc‘) %ﬁ?}% s ?%lph?ﬂl% %%ED%?(%Q Sr?ecufoscoga% e 3(b)
i n met hy Imauareuhhurevealled waneltmtctenht affabogdfl t@wjles aeltingertialpy.obatwut 63 I/g.

Example 17: Preparation of crystal form B by precipitation with anti-solvent toluene

[0161] 2.0 ml of a solution containing 135 mg of the compound of formula TV from
Example 3(b) in methyylene chloride was added at room temperature to 3.0 ml toluene. The
formed suspension was stirred for 24 h, then filtered off and dried in air at room temperature for
14 h. Crystalline form B was identified by PXRD or Raman specfroscopy. DSC measurement
revealed a melting point of near 129 °C with a melting enthalpy of about 71 J/g.

Example 18: Preparation of crystal form B by precipitation with anti-solvent acetonitrile
[0162] 2.0 ml of a solution containing 135 mg of the compound of formula IV from

Example 3(b) in methylene chloride was added at room temperature to 3.0 ml acetonitrile. The
formed suspension was stirred for 24 h, then filtered off and dried in air at room temperature for

18 h. Crystalline form B was identified by Raman spectroscopy.

Example 19: Preparation of crystal form B by precipitation with anti-solvent ethyl acetate

[0163] 1.5 ml of a solution containing 210 mg of the compound of formula IV
according to Example 3(b) in methanol was added at room temperature to 10 ml ethyl acetate.
No product precipitated until about 50% of ethyl acetate / methanol solvent mixture was
evaporated at room texmperature. The resulting suspension was stirred at 15 °C for 18 h, then
filtered off and dried im air at room temperature for 12 h. Crystalline form B was identified by

Raman spectroscopy.
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hept ane. The fornmed suspension was stirred for 24 h, then filtered off and
dried in air at room tenperature for 8 h. Crystalline formB was
identified by PXRD or Raman spectroscopy. DSC neasurenent reveal ed a
nmel ting point of about 131 Cwith a melting enthal py of about 63 J/g.
Exanpl e WO 2685443t i on of crystal form B by precipi t ZGORARLH8IS
anti-solvent toluene [01611 2.0 mM of a solution containing 135 ng of the
conmpound of forrmula IV from Exanple 3(b) |n rret hyI ene chI ori de was added
at room tmmumnamoa@cmat eRd i ‘ noApls i

for 24 h heg filtered off and dried in air at roomterrperature for 14 h.
Crystall |§|%%—]f‘0117n B was identified by PXRD or Ranan spectroscopy. DSC

nmeasur enent  rjel6@hl ed2temgref the bgnppandbf fmuiedy GHREEmiet3(b) avanmlspéndgl ient hal py

of about 7 ar at jon of c Q ipitation
it ant i 87 e sRRR R 1P &' B RRSEhS wne i 1 koo e DRl Tas
ng of t hedrizdipatisdomdi tefrpemtuteafol N H.r QuystalExafophd S¢dijlentifiedrg Raythaarsgecthd-or i de
was added at roomtenperature to 3.0 nl acetonitrile. The forned
suspensi ofi*ttas stirred for 24 h, then filtered off and dried in air at room
tenperature for 18 h. Crystalllne formB was identified by Raman
spectroscqg) e’ form ; etﬁqti on

wth anti= t—et 0 ing 210
ng of theacemerpound of for rrul a IV accordl ng to Exarrpl e 3(b) in rret hanol was
added at room ure o duct c{pitated
unti| about 50[b ctg? a‘f"g)o‘/‘m {]ozﬁnﬁlgl ?V Io%Fﬁxtamﬁ%e%b &S we ﬁedvﬁépor at ed

at room t@mpexhsatacﬁtaee an'ﬂknarredabuhmyra at aUSENS e my«&mg fisti 1Brtedo a(ﬂ, tiem fiefedr 18 h,

t hen f||trdoffaddr ed i.n ai t ure.for

e ol L Y L Lo 3 2 OB EIRGE 3 Wef B vge 20
PCT1US200padd88 Exam ne 20: Prepar ation of crystal form B by suspension
equilibration with polynorph Ain acetonitrile [01641 20 ng of the
conpound of formula IV from Exarrpl e 3(b) was suspended in acetonl trile and
stirred fkxamgledly Erepdrats ah B g ‘ i

of f and 'glq air at roomterrperaturefor 18 It. Crystalllneformbas
identifi egg&éy—%n spectros- copy. Exanple 21: Preparation of crystal form
B by suspensi ddteshui | 20omgbdf tbﬂcomimhnqbof fonoulp BV AomrExatnhlgl3(b) ace twpend¢ddin 651 20

ng of the ok 6 m
et hyl ace gﬁ%ﬁ |rrgj’ S %4 ags@agﬁqn% epe{s%%%f%% %ﬁlﬁ?n g(?r%%he% t
C, then fﬁltet@raedi dne;lrvd agtrai momi temperatueet for ddHM mﬂplbnafoun@ Worideh@fitd by Ra-
Crystallip Ig? s identified by Raman spectroscopy. Exanple 22:
Prepar at i on cry aI form B by suspension equilibration with polynmomh A

in
Example 23: Preparation of crystal forrm B by suspension equilibration with polymorph A in

water saturated ethyl acetate

[0167] 20 mg of the material from Exaraple 6 was suspended in 500 pl ethyl acetate
- saturated with water and stirred for 3 days at a temperature cycling from room temperature to 40
°C, then filtered and dried in air at room temperature for 8 h. Crystalline form B was identified by

Raman spectroscopy.

Example 24: Preparation of crystal forrm B by suspension equilibration with polymorph A in
acetonitile containing 1% water

[0168] 20 mg of the material from Example 6 was suspended in 500 ul acetonitrile
containing 1% water and stirred for 3 days at a temperature cycling from room temperature to 40
°C, then filtered and dried in air at room temperature for 16 h. Crystalline form B was identified

by Raman spectroscopy.
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et hanol / MEK [01661 20 ng of the conpound of formula IV from Exanple 3(b)
was suspended in 5 m ethanol / MEK (1:1) and stirred for 4 days at a
tenperature cycling from18 to 40 C, then filtered and dried in air at

room tenpev@bdet@sosy 18 h. Crystalline formB was i deng;(rgl/[%qo By man
spectroscopy. Exanple 23: Preparation of crystal form y suspen5| on
equilibration wth pol ym)rph Ain water saturated ethyl acetate [0167[ 20
mg of the rrater 3 6 uspended | n ; .a ate

sat ur at ed™¥ , ;
roomterrmaétatwwaeﬁo 40 C, then filtered and dried in air at room

tenperature faor stalline f s identifige
spect r oscopy. %f’ghpl el%ﬁ"% é‘ﬁ%?ﬁé‘tg%‘hn‘hwnm%r@&aéls“ﬁ’ﬁdr#@ %@/"Eﬁggeaﬁgt%n
equi | i br adni @00 W\i/d’ﬂerﬁﬁ(ﬂytﬁf&iﬂbk WO at asvet ©mpdratire, @A tfAjertd R ahdodwad Brairlfd168] 20

ng of the material was,. s eded|n5 acetaonitrile
cont ai ni rf§o SFRERRFC fzr%gg EX%’&)@%IOEWM HH;S@% V% P graétl Bg@a%’lfgafﬂj‘nf rom
room t enppebstosy dnd pdwder & raf fiMictidnl t ered and dri ed inair at room
tenperature for 16 h. Crystalline formB was identified by Raman
spectroscopy. 41 WO 2006/ 037043 PCT/ US2005/ 034813 Exanple 25: Preparation
of cryst axafplk PeBPlyariss RERSIsONfaH Blby bldpabibaneqailibiution yfiOsoinofpH A iet hyl

acetate / vvat(? 01691 1.0 g of the material from Exanple 6 was suspended
in 10 m 4 tate and 100 | water and stirred for 100 h at room

tenperature, tieo) fil 2061ﬁg36f thé (fon@tiﬁd(‘blf fe26iula I friont Edmpld xxenwhﬁmﬁﬁ@tiuﬁ g for 18

h. 750 of cry obt ai ned aS|d ntifie
spectr Orsrg a&ﬂd%t% %drsg?eddq‘”\?l\??l% }Fmp%%pé Bg.frog} gff) R:%I(;ﬂleﬁf

crystal ffﬂfefﬁdan@)dn&llﬁlpeﬁrl’l&h@ﬁn@ﬂmﬁefatdﬁd’ & 118 . WOhrytalialeyfom Bhwés identifed Banol /
VEK [0172& f t he conpound of formula I from Exarrpl e 3(b) was
suspended™d Scoé’?"nanol / MEK (1:1) and stirred for 4 days at a

t enperature cycllng from18 to 40 C, then filtered and dried in air at
roomte ratur' neformB as I ifi Rarran
spectros e et ‘ R=of e S or R BBy B S penS
equi | i br eeptarte vmth am)rphous form in hept ane [0171] 60 ng of the materi al
from Exanpl e suspen t ane and t 40 C.for 18
. The col 1 & JUETE 1 | (RPN R LI EAPRE & Vapgueepde 1 | MARARY | ne
form B wifed da0t¢ forad hbpheRalitbwassert aaddRpyn air at 40 °C for 1 h. Crystalline form

B was identified by Raman spectroscopy.

Example 28: Preparation of crystal form B by suspension equilibration with amorphous form in

ethyl acetate:
[0172] 62 mg of the material from Example 6 was suspended in 1.0 ml ethyl acetate

and stirred at 40 °C for 18 h. The solid was filtered off and dried in air at 40 °C for 1 h.
Crystalline form B was identified Raman spectroscopy.

Example 29: Preparation of crystal form B by suspension equilibration with amorphous form in
acetonitrile;

[0173] 62 mg of the material from Example 6 were suspended in 1.0 ml acetonitrile
and stirred at 5 °C for 18 h. The solid was filtered off and dried in nitrogen at 22 °C for 2 h.
Crystalline form B was identified by Raman spectroscopy. |
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Exanpl e 28: Preparation of crystal form B by suspension equilibration with
anor phous formin- ethyl acetate: [0172] 62 ng of the material from Exanple
6 was suspended in 1.0 mM ethyl acetate and stirred at 40 C for 18 h. The
sol i d waswl hbeiizafdsof f and dried in air at 40 Cfor 1 B, Ugﬂ%%@ﬁgl'ne form
B was identified Raman spectroscopy. Exanple 29: Prepara ?lon 0 crystal
form B by suspension equilibration with anorphous formin acetonitrile:
[0173] 62 ng of the naterlal frontExaane 6 were suspended in 1,0 nd
acet oni t rExp@ple 3% Prepg ! cystak fopm B by spgpen 10 gquilibrationwifl, amorphous. {04
dried inypgrogen at 22 C for 2 h. Crystalllne form B was |dent|f|ed by
Raman spectrosc WO 2006/ 037043 PCT/ US2005/ 034813 . Exanp
Preparation of! Z‘Fp]yst dr9 mgohihs mserial e Reanple GUHS FYSBbed dh’ Wﬂtltllv[%tﬁﬁ?dphous
formin o¥EK & SbittmItSurTBorab ht R Ot ©4sl ferel bAThEXRNAR 8 itfogsR he229eseended i n
3.0 M MEK and stirred at roomtenperature for 16 h. The solid was
fil.tered 38 Shgtalipe gdmanwar‘ill‘tlef‘B%“élr‘i’n%tam??SP@“P&OPy 30 nin. Crystalline formB
was identified by Raman spectroscopy. Exanple 31: Preparation of crystal
suspensi on eqU|I|brat|on mnth annrphq S fOFﬂ]In mater saturated
et hyl acdiamgle Bhfpepprabe; istal form B by suspeng _ Kith, a
500 O ethwhﬂgﬁgﬁatgbngakﬂgated with water, stirred for 3 days at a
t emperat ure Cﬁfllng romroomtenperature to 40 C, then filtered and dried

inair at roof73nperdmee tegratesiahiforBxamply 4 Vassuspsnded B wAG M sk aserated by

Ranen  speginaRs GaR WateE Xama 6r Bdiys Rrapagetdnir® Byclig Bdry o tehPerilt BWoSUs pe nsi on
eqU|I|brat|on mnth anor.phous formin m§E6é1contﬁJn|ng sol vent m xtur

[0176] 7Ghshiligred emb B AT 4 OPRFT festaling fEmdBdvasideptiged,by of hyl
acetate Ramgh cop@nt ai ni ng 1@6mater stirred for 1 day at a tenperature
cycling from5 Cto room tenperature. Stirring was then continued at 10 C
for 5 days. The solid was filtered off and dried in air at room

t enper at Wxamlo82: Feepdiation &3 cyitad ko MELY EIhForiesilibRs with @eholholREBA in
spectroscopy. Exanple 33:, Preparation of crystalline form C by suspension
equi | i br &% = acetone [0177] 20 ng of the conpound of

formula IV f rwﬁxambelg%(flﬂ)e MBGiaBGPERMSE 6 Was slspdhded L RONEL etidMecetatd’y  Of
form C seedin staIs wer e and the suspenslon was agitated for 4

days at 4 °¢ IEEP% léymftfn&nteﬁém b g2 ¢ Higmecratigepicling) framey %ﬁwr@m ed in
air at r @&ﬁBerah@dTpgt[rﬂﬁngv@s fhext cdntihue@ay $6 ed fdrreedayar Thdsotia swidsiéd sfedndy Raman

spectrosco
P g}/ n air at room temperature for 15 min. Crystalline form B was identified by Raman

spectroscopy.

Example 33: Preparation of crystalline form C by suspension equilibration of polymorph A in

acetone

[0177] 20 mg of the compound of formula IV from Example 3(b) was suspended in
1 ml acetone, and 2 mg of form C seeding crystals were added, and the suspension was agitated
for 4 days at a temperature cycling from 18 to 40 °C, then filtered and dried in air at room
temperature for 1 h.‘Crystalline form C was identified by Raman spectroscopsy.

Example 34: Preparation of crystalline form C by suspension equilibration of polymorph A in
tetrahydrofuran (THE)

[0178] 20 mg of the compound of formula IV from Example 3(b) was suspended in.
500 pl THF, 2 mg of form C seeding crystals were added, and the suspension was agitated for 3
days ata temperature cycling from 18 to 40 °C, filtered off, dried in air at room temperature for 3
h. Crystalline form C was identified by Raman spectroscopy.
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Exanpl e 34: Preparation of crystalline form C by suspension equilibration.
of polynorph Ain tetrahydrofuran (THF) [0178] 20 ng of the conpound of
formula IV from Exanpl e 3(b) was suspended in 500 gl THF, 2 ng of formC

seedi ng cywpioadss7gr € added, and the suspension was agppg days at
a tenperature cycling from18 to 40 C, filtered off, r?e@glﬁhr?g/g%?éat room

tenperature for 3 h Crystalllneformaas |dent|f|ed by Raman
spect roscop 1043 W ] )

of cryst af¥ S petsTut ¢ oot j T 7

t et r ahydref yc&aﬁlfai[HE{F)[OIYQ] 255 ng of the corrpound of for rrula | from

Exanpl e 3(b) uspended .i of f C was added as
seedi ng crystﬁ?@g dzesgi’i%g @ﬁ%‘“‘p‘@ﬂ’??‘ﬁ‘ﬁi ﬁ&“&%f?‘?ﬁ@@?le S%ispeéﬁ? ehperature
of 40 C, 4.0l THEDS 1ﬂgﬂ&ffdﬂm €avablBdled agdetding@stald, axdhedsponpien abditierel Gr 15 min.

Crystalli form C was . de Ranman spectrosco Exanpl e
367 brepibiat iR R g Sy O AN BT SR F SE LS b

nol ynmor phCrstdline foret € avbyidéntified BPXRIHmd HathdB Bectiosébpg of t he conpound of
formula I from Exanple 3(b) was suspended in 6.0 m THF, 50 ing of formC
was added as seeding crystals, and the obtai ned suspension was stirred for
50 h at reafblkaspPREgiitioe of EdvthlEfiefbrm @l akpeador eyuilibratiat of padymdrpiraenat ur e
for 45 m'tn. !%é' Si[ﬁéll ne formC was identified by PXRD and. Ranan
spectros : 4 showed a weight |oss of less than 0.9 % bel ow 150 C,
whi ch was att o130} ed 1.@g véthetompoymicoTif@mplau fromlExerjlt 8GN waesnehdddent.0 show
that poly do not absorb wat.er, forma hydrate, are exhibit
groscopi cT' i;ﬁ ﬁg@g&%@? gcgfléﬁls@g “é%‘fr%?taisei“ldﬁheg%g e pusmesion pay stEred t h an
ent hal py ﬁa:fso‘ bat Om tehpadad] fillza, dddgdneﬁ@ﬂ.&i:]at s t&ﬂp@zyuxpcmdﬁmdi fChy-acti on
pattern i

nF| g char acteri st 2 theta vvlth
Phe. cor r OB CanS ity by ARthed R R B FOR nHHIR Bons? vt
d- Spaci ng6ssfoﬁlessr. ﬂhm €9 ysbadw 1 50e°d, ohith @aobtiribhied cowgpeau rnjznmfncfpmurrﬂjb@pti&nAngl e
[ 20] dspaC| S|t alitative) 7.vs 11.9
7.4 vw fép%l %&V ﬂf% h(cgv%eii“’ga‘&"‘? Waterigm’f "5%{?’6"te arﬁ%"]"g’ EhE3 W
groscoplclty DSC expenments revealed a melting point near 177 °C with an enthalpy of fusion ‘
of about 129 J/g.

[0181] The X-ray powder diffraction pattern is shown in Figure 4 and the

characteristic peaks in 2 theta with the corresponding d-spacing values in A are given in Table 6.

Table 6: d-Spacings for the crystalline form C of the compound of formula IV

Angle [°20] | d-spacings [A] Intensity (qualitative)
73 12.0 w
8.2 10.7 Vs
11.9 7.4 VW
12.8 6.9 vw ,
135 6.6 VW
- 14.3 6.2 w
15.1 5.86 m
16.0 5.53 w
16.8 5.28 m
17.2 5.16 m
18.3 4.84 Vs
18.9 470 m
194 4.57 S
20.3 438 m
21.7 4.09 w
225 3.94 w
236 3,77 S
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16.8 5.28 in
4.38 in

17.2 5.16 in 18.3 4.84 vs 18.9 4.70 in 19.4 4.57 s 20.3
21.7 4.09 w 22.5 3.94 w 23.6 3.77 s 44 WO 2006/ 037043
PCT/ US2005/ 034813 Angle [20] d-spacings [A] Intensity (qualitative) 24.0

3.71 m 2%G20d6/dH0sy 25.7 3.46 w 26.1 3.41 w 27.5 3.

30.5 2.93 w Exanple 37: Preparation of seeding materia

%%TWMO?/%MQI:{S 08 w
of po

ynor ph

[01821 25 g of conpound of fornmula IV from Exanpl e 3(b) was suspended I n

100 m THE and the
was filtered off a
of 23.3 g of pure
spectroscopy. The
experinments. Exanp
crystalline materi ¢

at 50 C. 100 ng cr)

stirring was conti
solid was filtered
pol ynmor ph C cont ai
confirmed by PXRD.

39: Preparation of pool viornh C [
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0184] 6.0 g of the crystalline nmateri al

170 C Exanple
of

Exanpl e Exampled dtioh ¢fisecdima iz rred at 50 C. 100 ng crystal
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and dri ednl THF and the suspension was stirred for 3 days at 30 °C. The solid was filtered off and dried

under reduced pressure at 40 °C for 2 h. A yield of 23.3 g of pure polymorph C was obtained as

confirmed by PXRD and Raman spectroscopy. The material was used as seeding crystals in later

experiments.

Example 38: Preparation of polymorph C

[0183)

6.0 g of the crystalline material from Example 9 was suspended in 30 ml

MEXK and stirred at 50 °C. 100 mg crystal seeds from Example 37 were added after 2 hours and
stirring was continued for 80 hours at room temperature. The crystalline solid was filtered off and
dried for 18 hours at 45 °C. A of yield 4.7 g of polymorph C containing a small amount of
polymorph A was obtained as confirmed by PXRD. TG-FTIR indicates no weight loss below 170
°C.

Example 39: Preparation of polymorph C
[0184]

and stirred at 50 °C. 100 mg crystal seeds from Example 37 were added after 2 hours and stirring

6.0 g of the crystalline material of Example 9 was suspended in 30 m! THF

was continued for 80 hours at room temperature. The crystalline solid was filtered off and dried
for 18 hours at 45 °C. A yield of 4.7 g of polymorph C containing a small amount of polymorph
A was obtained as confirmed by PXRD. TG-FTIR indicates a weight loss of about 0.5 % below
170 °C, which was atiributed to THF. |

Example 40: Preparation of polymorph C
[0185]
and stirred at 50 °C. 150 mg crystal seeds from Example 37 were added after 2 hours and stirring

6.0 g of the crystalline material of Example 8 was suspended in 40 ml THF

was continued for 104 hours at 40 °C. A second portion of 200 mg crystal seeds from Example 37
was added after 30 hours The crystalline solid was filtered off and dried for 18 hours at 45 °C. A



for 18 hours at 45 C. A yield of 4.7 g of polynorph C containing a small
anount of polynorph A was obtained as confirnmed by PXRD. TG FTIR i ndicates
a weight |oss of about 0.5 %below 170 C, which was attributed to THF.

Exanpl e 4Qp JpscaBAfsgt i on of pol ynorph C [01851 6.0 g of line
material of Exanple 8 was suspended in 40 nil THE andpéi&}??@g%&ag%o C. 150

nmg crystal seeds from Exanple 37 were added after 2 hours and stirring was
continued for. 104 hours at 40 C.. A secopd portion of rystal seeds
from Exaifi§ldeofa70 sisPolinesty Groppizinigy aﬁBﬁﬁ?“‘f’W& ¢ RoLam |‘ﬁévrgg8fg'i%‘e %

filtered @ﬁ“&ms'm@ MR dEONR 1@lidaeys seight 1655 ofabod 0.5 0146 RR61703T Odidch
PCT/ US2005/ 0348 ield of 5.0 g of polynorph C containing a snmall anpunt

of pol ym3EHPHTRUGHE BBt ai ned as  confirmed by PXRD. TG FTIR indicates a

wei ght | oss of about 0.5 to 0.8% below 170 C, which was attributed to THE
Exanpl e 41: rpratlon of .yolymprph C [0186] 6.0 g of the crystalline :
mat er i al =6 R erded in 40 M MEK and stirred at 50 C. 150
ng crystal Seﬁﬂ86]frOIG]O@((ﬁTme@ys?aﬁm‘éﬁfa&naldﬁﬁdarﬁﬁlé &maQsdapdﬂﬂéiilﬁnoinﬁMH[m ng was
continued for ur at 40 C. rtion.of 200 stal seeds
fr om Exafff T A S\Q/a (’}@cfryé?’{ @Fds% ﬁ%ﬁ leg%’?'érec?ggféitagf”i‘r]?‘f’é‘ e s
filteredwaf Jonﬁxfﬂﬂd i1 edhdugrat A8 AuE®ndiborfidn €2007mg wiyethideddk fr5m4%x@n1ﬂé 3pol ynor ph
C cont ai nin smal |, ano nt of _pol bt al ne firmed by
PXRD. TGEY dﬁe‘} Hisr vIE(L]f aBﬁF %@D&Qg@rgﬁy@d& é%&iﬁ%‘f“& i%] (tf’ Pepar at i on
of pure prldysros.ply € JoBidimh T c&ltgmﬁé atshall mesﬁtaiflpolymomt‘erwwlob@i&ledimrrpl e 8
was suspended j.n taone and s d at 200 ng crystal seeds
from Exaﬁ‘ff%@%ff’y\é&é'ﬁgé@gﬁ cétfsnfvﬁégtwg) s oRlow 1] cg paste was formed and 10
m acetone was added. Stirring was continued for 29 hours at 50 T. The
suspensi gn and stirred at this tenperature for 14

h. The 2 Fritered off and dried in air for 4.5 hours
at 45 Cyi eI d[mg7]6 37@ @fof mr ﬁyst@lﬁiewﬂmrnh oﬁE&ﬁnﬂ@t&fW:{sﬁﬁdaeb@édHXBD mExanpl e

42: Prepa t|on r o of t | 1]

materi al E%‘}%g‘ff&gé Sﬁlag }SOLY] ‘%ﬁ?g Eik% ‘%\%ﬁa(@f‘f?f%’é%ﬁ go T. 200
ng cryst dickyase sad foﬁmdlimarmhea&%nmmeacﬁelﬂednmgtms cchtifmadrfer 22rduwstat i ng  was
conti nueg.f 29 hours a T spensi s, then c 10 C and
STt rod o T SpeSiH Bpdlhet doles, 519 T REITES BB PRSP Thas Ty 6 0
of f and duystalting svlidiwas fiittered off ahd driesl iatair4&r 45 houls i 45| W yiéldiig 6.3Qz aff pupur e

pol ynorp obt ai.ne nfirmed by PXRD. Exanple 43: Preparation of
pure pol %}%Wgr\ﬁﬁg %g’éf @% of the crystalline material of Exanple 10

was suspended in 310 MEK and stirred (600 rpm at 50 C. 1.5 g crystal
Seods Sl Ao SHARERRRIAE 10 ™
[0188] 7.0 gof the crystalline material of Example 8 was suspended in 50 ml MEK
and stirred at 60 °C. 200 mg crystal seeds from Example 37 were added after 2 hours and stirring

was continued for 29 hours at 60 °C. The suspension was then cooled to 10 °C and stirred at this
temperature for 14 h. The crystalline solid was filtered off and dried in air for 4.5 hours at 45 °C.
Ayield of 6.0 g of pure polymorph C was obtained as confirmed by PXRD.

Example 43: Preparation of pure polymorph C
[0189]  50.0 g of the crystalline material of Example 10 was suspended in 310 ml

MEK and stirred (600 rpm) at 50 °C. 1.5 g crystal seeds from Example 37 (suspension in 10 ml
MEK) were added after 2 hours. Stirring was continued for 52 hours at 50 °C. The suspension
was then cooled to 15 °C and stirred at this temperature for 2 h. The crystalline solid was filtered
off and dried under vacuum for 16 hours at 50 °C. A yield of 44.2 g of pure polymorph C was
obtained as confirmed by PXRD. TG-FTIR indicates no weight loss below 170 °C (solvent free
product).
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IVEK) were added after 2 hours. Stirring was continued for 52 hours at 50 T.
The suspension was then cooled to 15 C and stirred at this tenperature for
2 h. The crystalline solid was filtered off and dried under vacuumfor 16
hours at 50 C. Ayield of 44.2 g of pure polynorph C was obtained
confirmedv®POFBRM3 TG FTIR i ndi cates no wei ght | oss bé’FEWSi%/O?Z‘S&OI vent
free product). 46 WO 2006/ 037043 PCT/ US2005/ 034813 Exanpl e 44:

Preparati on of pure poI ym)rph C 101901 50.0 g of the crystalline materi al
of ExanplEgarie 4 oL arod g 360 MEK and stirred (600 rpm at 50 C.
1.5 g crystal ds f m ) n K added
after 2 hoursw?1 |rr|5r618 Ef)s(tgéerg ?lﬁ%ee'g%%lapggg a%phour‘évasas[uspgag% Pl'#pam?
suspensi MEK walsstitrbd (60¢ qoh)entl 5@ C. 15 orpatal sstls frore Exatple BT esuspeuspmnmﬂmme for 2
h. The cr, allin was Jf.iltere [ mfor 16
hours at l\)él%é)éwere ad%ees %&r 9 fho%i Sg.rrmg v\fas g?}llgguegotﬁ}rﬁq Sdn hl% ét ol Q'Je e'ljls1 as

confi rrredvabghelPO(R[ad t6|' G TR stimefli ad:&desnmtunefog Rt Thrscsystmﬁine\mliﬂms @1t¢rsd)| vent
free 5 hQ o) | ution
" T | 0254 bgedghaCtior T RRAY fis02C., Byield i 30 WIIERIMERITNAE (L e
in 35 m ofked sndnfiread by PKBDGEGSFTm yelicatks ﬂwmmlmbelmm &} eblyendifrss ol ved,
and the i’Pl ut on was cooled to 60C. Then 0.35 g crystal seeds from Exarrpl e
37 (susp hsion in 1.0 m THF) were added and stirring was continued for
about 30 minutes at 60 C. Thereafter, the suspension was cooled to 10 C at
a cooli ”Qz £%$1g4§)%re%ar1§ %f&% Q QFL’P?Cﬁ%m 15%5 rnrlrrﬁ was continued at this

t enper a |tered off and dried
under vacuum {3P1]16 NAug of the cridellide nﬂteylalslf(ExuﬁpleIlQﬁasgsusn‘enq;dme35rm]'§ﬁﬁﬁ)rph C

was obt ain P 46:

Pr apar at Pha a8 Binco CHRHL B R AN ATRGRRE Y 9258 Rk i AR

crystal | i6p%. r'fh@re@ 3512 cwﬁtalacedwp‘tom E@M§7éusmmdeﬂl §.0vml OHE) wot addedigndt room

t enper at I lLutd on. This
sol uti onlg{r?m coo eﬁor élg)gt Mglg%gﬁt 8¢, %%eae }?% Stsl% é&l Vfag %O?ér%tbés rom
Exanpl e 3¢ av\eroelmrde@f 0@5 tGiger Immrtmancmmn&twas mrgmu@impémﬁtmeeqmﬁe%us pensi on
becane sl i ien for
one. hour "3t eALyRERAE A G an it BhdeEhpchbh Fy (8ot U ) T PARE R ey
hour. Af tidre tﬁpwgmolymorpbcvwagbtmeedcahe@ﬁ@mﬁtsrtHXr&ﬂamgmsn spoeitasempd over ni ght
about 14 hours, before the obtained solid was filtered off and dried at
50C for about 2 hours under vacuumto obtain pure crystalline formC.
Exanpl e 4:Xamigt 24 ary g oI b C a) Thermal treatnent [01931
The conpounds i@t Exary) gsfsﬁe@ystrﬂmé }ﬁEﬂQﬁaﬁ’ Blanyf1 S 8L AIRERD )0 280

(pol ynorph C) "were placed in seal ed anp ou es expos wee to 100
C. Pol yndfstasronm temperature Heating of the suspens1on to 65°Cledto a clear solution. This solution

was cooled to 60°C and 100 mg of seed crystals of form C from Example 37 were added to the
solution, At this temperature, the suspension became slowly more concentrated, and after stirring
this suspension for one hour at 60°C, the suspension was cooled to 10°C at a rate of 10°C per
hour. After 5 hours, 10°C was reached and stirring was continued overnight, about 14 hours,
before the obtained solid was filtered off and dried at 50°C for about 2 hours under vacuum to

obtain pure crystalline form C.

Example 47: Stability tests with polymorph C
a) Thermal treatment

[0193]  The compounds of Examples 3(b) (polymorph A), 25 (polymorph B), and 36
(polymorph C) were placed in sealed ampoules and exposed for 1 week to 100 °C. Polymorphs A

and B formed a deliquescent compact material, whereas polymorph C was substantially
unchanged and remained a crystalline free flowing powder. The products where analyzed by

HPLC and the purity was detected to indicate chemical stability via decomposition. Polymorph A
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and B formed a deliquescent conpact material, whereas pol ynorph C was
substantially wunchanged and renmained a crystalline free fl ow ng powder.
The products where analyzed by HPLC and the purity was detected to

i ndi cat e}y&?g@@ﬁd stability via deconposition. Polynmopehuéooss4319

2006/ 037 1152005/ 034813 showed a purity of 25.9% pol ynorph B
28.3% and poI ym)rph C 99.7% denonstrating the high stability of

ponnDrph r ; he ¢ s, of

Exanpl es g‘(%da(pﬁf)‘ fﬁﬁ? gﬁ I%fﬁ“%?ﬁ%% H]B%‘ rp%g%%% ST %}T‘ﬁ%ﬂ%ﬁlg&) wer e
pl aced i ntabfeyofpolymaiph€:, s and exposed 1 week and 2 weeks at 60 C and 75%
relative humdity. In polynorph A a water content of 2.8% was detected and

the HPLC purity was 80%  Pol ynorph B transfornmed to polynorph C, a water
cont ent Qixathpl® ¥ \Exposurkad babiety, and the HPLC purity was 94. 6% Pol ynorph C
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cryst al | ipnétysehd BIO"}G\/aBolimdrp}eiBeﬁlar@foﬁn@Intd ibiyin@dbh Gndeﬁatdmotomegedf f.9% vlashour at
roomtenp t dof 1 f cry all.ine form.pD obt ai ned as
Cont 1 r mod g ebRrb L Rt s e R ERmo ™ Heln e B de e PRLGRRER  ose
of aboutw;ﬁ%b%l ow 170 C, which was attr| buted to isopropanol and water.
Exanpl e 50: Preparation of crystalline using E from anorphous form as
starting material [0196] 200 ng of the material from Exanple 6 was

SuspendedExiallm)lﬂ:69:(Pr¢ﬁaratii)rsdm1‘\maﬁin€)form'Ehlem§p§m§_ﬂ mas setinshatertabd for 18 h at
40 C and for at 2 ! alll iltered off and
dri ed under nijlélpgben tf%gr”f:‘lf {"’831%1 %8$ Ofntﬁ’Pun KIPOW'él?é\?%‘fC OfiE g of

cryst al | ito&xdmie3(B) imteohhsaidd@rht ag(_‘mmfmlnmcbpmol X3 talivet sBad@recipitated
spectroscg TG FTI R _i.ndi %.hel ow.170 C,
whi ch wad g%iie FIBUted aE)Stfrrseggr opé“ﬁ%lawﬁ%e crﬁ%a%%e SOIf&Dwas ﬁhereg ?f A‘.?n& cates
exi st encemddr rétrdgemrifor Slohonabterooh tersgpmop ahgleld afnidééd m mfcxa:ystad:lontferm Doﬁas

i sopropan ol i 971 The
X-r ay pO ]tame ag ?c}ng 1 edso P taen;ar%{a-nan Sqfigtrosc?opx ur elrgﬂ:a%{lix tv&ﬁ%]ﬁ loss ojf

char act eralbs¢t|8%hak:akl§0i°@ \ﬂmhhmsattmbutddtmh@r@@miembmdl ng d-spacing values in
Ais givenin Table 7. Table 7: d-Spacings for the crystalline form D of
the conpound of forrrul a |V Angl e [120] d- spaC| ngs [A] Intensity

(qual i t athxee B 3 ind @ ap starting material

[0196] 200 mg of the material from Example 6 was suspended in 16.0 mil
isopropanol. The suspension was stirred for 18 h at 40 °C and for 14 h at 20 °C. The crystalline
solid was filtered off and dried under nitrogen for 1 hour at room temperature. A yield of 178 mg
of crystalline form D was obtained as confirmed by PXRD and Raman spectroscopy. TG-FTIR
indicated a weight loss of about 6.6% below 170 °C, which was attributed to isopropanol. The
amount of isopropanol indicates existence of a hemi-solvate of isoisropanol (theoretical content of
isopropano] was 5 .6%; solvent difficult to remove when drying).

[0197] The X-ray powder diffraction pattern is shown in Figure 5 and the

characteristic peaks in 2 theta with the corresponding d-spacing values in A is given in Table 7.

Table 7: d-Spacings for the crystalline form D of the compound of formula IV

Angle [°20] d-spacings [A] Intensity (qualitative)
5.1 17.2 s
5.5 16.0 m
8.3 10.7 W
9.0 9.8 W
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9.0 9.8 w 48 WO 2006/ 037043 PCT/ US2005/ 034813 Angle [20] d-spacings [Al
Intensity (qualitative) 13.4 6.6 m 14.5 6.1 s 14.8 6.00 in 15.5 5.73 w
16.6 5.33 w 17.1 5.17 m 18.1 4.91 in 19.1 4.64 s 19.5 4.54 vs 20.3
4.37 vs 3(%]2036@7 @ m 22.7 3.91 m 23.2 3.84 m 24.2 BcHuswos@asis 3.55 in
26.0 3,4 ﬁ 9 3.32 w 28.5 3.13 w 29.2 3.06 m Exanple 51: Preparation
of crystalline fromE using anorphous formas starting material [01981 70
ng of the material froem-Exampte—6—was—suyspended—+n—31.0—+—-butyl nethyl
ether (TBVE). The suspésie gl wWadrsEa°gs W |f oftepsbHauiiakie)C | The crystalline
solid was filtered off 1amd drjed igpair ffor I hat 40 C. |A yield of 58 ng
of crystalline formE mngObta ned ¢ @s cqnflrned'gy PXRD and Ranan
spectroscopy. Exanpfe 52 $4$vrepardt%% of Tysrar1ﬁne fromjanor phous form as
starting material [P199 re—rat-er-at—f+omEBxanpl e 6 was
suspended in 4.0 m 'I:RM'l'S' The QIIQtSIZ sionwas stifred for 26 h at room

tenperature. The crlystallPfne splid3Was filtered oFf and dried in air for 5

mn at roomtenperaturel?A yield o06.1221 nmg of crystalline formE was
obtai ned as confirjed Rhy1PXRO and4Baman |spectrosgopy. TGFTIR (10 C/ m n)
I ndi cates a wei ght 0SS799 f—about g64Wbstart|ng agove anbilent tenperature
and being conpl ete 50— C—whi¢chrwas—attributed—to—TBME. The anount
of TBME i ndi cates ehtctuaéu a Té fn'uﬂfﬂ.—%oghﬂﬂ The—X-ray powder
diffraction patternlis Bdwn | Fjéﬁ?e_ﬁand the ¥8

21.7 ) 4.10 m

22.7 391 m

232 3.84 m

242 3.67 w

25.1 3.55 m

26.0 3.42 m

269 332 w

28.5 3.13 W

29.2 3.06 m

Example 51: Preparation of crystalline from E using amorphous form as starting material
[0198] 70 mg of the material from Example 6 was suspended in 1.0 ml t-butyl

methyl ether (TBME). The suspension was stirred for 18 h at 40 °C. The crystalline solid was
filtered off and dried in air for 1 h at 40 °C. A yield of 58 mg of crystalline form E was obtained
as confirmed by PXRD and Raman spectroscopy.

Example 52; Preparation of crystalline from amorphous form as starting material
[0199] 150 mg of the material from Example 6 was suspended in 4.0 ml TBME. The

suspension was stirred for 26 h at room temperature. The crystalline solid was filtered off and

dried in air for 5 min at room temperature. A yield of 121 mg of crystalline form E was obtained
as confirmed by PXRD and Raman spectroscopy. TG-FTIR (10 °C/min) indicates a weight loss
of about 5.1% starting above ambient temperature and being complete below 150 °C, which was
atiributed to TBME. The amount of TBME indicates existence of 2 TBME-solvate.

[0200] The X-ray powder diffraction pattern is shown in Figure 6 and the

characteristic peaks in 2 theta with the corresponding d-spacing values in A are given in Table 8.
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il

characteristic peaks in 2 theta with the correspondi ng d-spacing values in
A are given in Table 8. 49 WD 2006/ 037043 PCT/ US2005/ 034813 Tabl e 8:

d- Spacings for the crystalline formE of the conpound of formula IV Angle
[20] d-spacings [A] Intensity (qualitative) 5.1 17.3 vs 5 2in 8.4
10.6 m W@M006/87H3 10.9 8.1 w 11.8 7.5 w 13.5 6.6 i HCTTE.N?Q%‘%%BVS 16.8
5.28in 17.4 5.09 s 18.1 4.90 in 18.8 4.72 vs 19.7 4.51 in 20.2 4.39 s
20.8 4.26 s 22.0 4.04 in 23.0 3.86 w 24.0 3.70 w 25.2 3.54 in 25.6
3.48 in T28le@: FSPRings ferxbeplealld: foftr B phthatdngoutof deryskadV| i ne from F

anor phous formas starting material [0201] 250 ng of the material from

Exanpl e 6 was di ;sql v&ggléjpg@r sajsparcin@g[}qt G&tgsitbi@uaﬁ;@v@i et rahydr of ur an
(THF). The sol uti onrwas—cootedrto 20 € —whereby a—ttmrck—paste was forned.
3 m’ THF was added land—Stirrin x&agy‘égnti wed—at—40-C for h. The
suspension was than codl¥ed tol 20 &%And stirring ®ontinued| for 3 h. The
crystalline solid Wwas fiS4ered off 18Ad dried in mir for 30 mn at room
tenperature. A yielld of gal4 ny| of orystalline form F was optai ned as
confirnmed by PXRD gnd Raggn Spectrosfopy.| TG FITR,(I0O Tmp) indicates a
wei ght | oss of abgut—S3 t)bata Llng;gifuuve ambient E’t enperature and being
conpl ete bel ow 130 [G—whtEh—was—at-t+-buted—to—FH—The—anpunt of THE
i ndi cat es exi stencd_of A3-fon-stoi cHt®netric THE-sH vate (t heoreti cal
content for nono- THE-sol4ate was 12-5% THF) . Vs

16.8 5.28 m

174 5.09 S

18.1 490 m

18.8 472 vs

19.7 4,51 m

20.2 4,39 8

20.8 4.26 s

22.0 4.04 m

23.0 3.86 w

240 - 3.70 w

25.2 3.54 m

25.6 3.48 m

29.6 3.02 w

Example 53: Preparation of crystalline from F amorphous form as starting material
[0201] 250 mg of the material from Example 6 was dissolved under stirring at 65 °C

in 5.5 ml tetrahyydrofuran (THF). The solution was cooled to 20 °C, whereby a thick paste was
formed. 3 ml THEF was added and stirring was continued at 40 °C for 1 h. The suspension was
then cooled to 20 °C and stirring continued for 3 h. The crystalline solid was filtered off and
dried in air for 30 min at room temperature. A yield of 214 mg of crystalline form F was oBtained
as confirmed by PXRD and Raman spectroscopy. TG-FTIR (10 °C/min) indicates a weight loss
of about 3.0% starting above ambient temperature and being complete below 130 °C, which was
attributed to THF. The amount of THF indicates existence of a non-stoichiometric THF-solvate
(theoretical coratent for mono-THF-solvate was 12.5% THF).

[0202] The X+vay powder diffraction pattern is shown in Figure 7 and the

characteristic peaks in 2 theta with the corresponding d-spacing values in A are given in Table 8.

50



[ 0202] The X-ray powder diffraction pattern is shown in Figure 7 and the
characteristic peaks in 2 theta with the correspondi ng d-spacing values in
A are given in Table 8. 50 WD 2006/ 037043 PCT/US2 0 O 510 3 48 13 Table
9: d- Spac\imod/®dfesshe crystalline formF of the conpou a 1v
Angl e [20] d-spacings [A] Intensity (qualitative) 4. 6%3%8200%% 16.0 in
6.8 13.0 m 11.3 7.8 w 13.7 6.4 in 14.2 6.2 in 14.6 6.1 w 15.4 5.74 w
167529w 17.6 5.04 in 183483m 192462in 19.7 4.50 in 20.5
4.34 m 20.9 4.24 vs 21.9 4.05 in 8 3.89in_ 23.7.3.76 in 24.9 3.58 w
27.2 3. 272bla ok Spepings fouthe pysigting forg § Qﬂhe compound of formula IV

N- (4-fl uorobenzyl ) ~N-(1-net h¥|(p_|_p_eﬁr|dj n-4-yly-N-(4-(2.
met hyl pr opyl oxv) nhenwhge{°B§ll ) ¢at-ipa spasingsd Aha i Inteaqﬂtyr(@{aétaa‘)re)Pr eparation of: F /
\ CHZ N\N-CH3 H 020346N-I\/Et hyI fb-(pl per|l doneTSM 16. 0 Kg) and
4- Fl uor obenzyl am n \u 7 Kg, I uu UT v¢| et S) vEre dissol ved i n net hanol
(110 2 | Ccdqg, 8.70 - pwSN - 3 59—+t hen—5%—Pattadiium / C (0 59 kg,
3.68% - ww SM was nr‘ld@\ ||nr|nr 1’3L¢ﬁﬂh The bul® was heat ed up to T =
23-27 C and hydrogenat éd-3at _t he sa|7r§ termer ature ¥nd P = -5 bar until the
hydrogen absorptipn stié@gs (-11 hoéds). The residuwal SM was checked by GC
(imne < 5%, then|the byl k 6.2 m

14.6 6.1 \4

15.4 5.74 \4

16.7 5.29 \4

17.6 5.04 m

18.3 4.83 m

19.2 4.62 m

19.7 4.50 m

20.5 4.34 m

20.9 4.24 Vs

21.9 4,05 m

22.8 3.89 m

23.7 3.76 m

249 3.58 w

27.2 3.27 m

Example _ 54: Preparation

methylpropyloxy)phenylmethyl)carbamide hemi-tartrate

a) Preparation of:

[0203] N-Methyl-4-piperidone (SM, 16.0 kg) and 4-Fluorobenzylamine (17.7 kg,
1.00 equivalents) were dissolved in methanol (110.2 kg, 8.70 —v/w SM) at T = 15-19 °C, then 5%
Palladium / C (0.59 kg, 3.68% - w/w SM) was added under nitrogen. The bulk was heated up to T
= 23-27 °C and hydrogenated at the same temperature and P = ~5 bar until the hydrogen
absorption stops (~11 hours). The residual SM was checked by GC (imine < 5%), then the bulk
was clarified (1575 + GF92 filter papers) and the line was washed with methanol (5.1 kg, 0.40 —
v/iw SM). The solvent was distilled under reduced pressure (P = 265-60 mbar, T = 35-40 °C) and
the oily residue was purified by fractional distillation under vacuum at T = 135-140 °C, P = 8-0.5
“mbar to provide 22.15 kg (70%) of product.
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was clarified (1575 + GF92 filter papers) and the Iine was washed with

nmet hanol (5.1 kg, 0.40 - v/w SM. The solvent was distilled under reduced
pressure (P = 265-60 nbar, T = 35-40 C) and the oily residue was purified
by fracti epgboodsihid | ati on under vacuumat T = 135-140 Ty nmbar
to provide 22.15 kg (70% of product. 51 WO 2006/ 037043&56$f@§§8%g/5034813
b) Preparation of: H H3C- QO N-OH H3C H [02041 4-Hydr oxybenzal dehyde (SM
60. 0 kg) quj di ssolved in dinethylformanide (142.5 kg, 2.50 -v/w SM at T
= 15-25 & FWERYAS d pot assi um carbonate (137.2 kg, 2.02 equiv.) and
potassiumiodide (8.1 kg, 0.10 eg‘Tlv ) were added portion wise at T < 30 C
and the suspension heat ed; to 78- C. Theohenperature of the
condenser was fixed to 15 é %ﬁ/(\%gbu / om ¢ (134.8 kg, 2.00 equiv.)
was added to the suspenS| 4- ) at W= 78-82 C At the end of
the addition, the mxture WSs stirred -3 Fdurs & T = 78-82 C and resi dual
SM was checked by HPLC (SM < 59 . The suspension was cooled to T = 20-30
C, diluted w t{n204100% &Eiexdbnzalddiydd(Skd, 6040 bf) wae/diwsdd4d, in diniethyHotmbmidei n at T

= 20-30 C f th f d
N T A LT (SR LI T A e
(82. 4 kg, anﬂ.;%&ssalmﬁumﬁiv!p (8.1t ke, 150%.1hydﬁa>eyddﬂ€d pertibm wist &rT (48 & kad thk. 5
dded .k

o 1) iR L SR SO Bl O PRSI  pl BE 4 DBl v
sanpl e wasotugitesmiflo(l34.Pkg, (M)anlhv YLwad ad&é&d:ethetsﬁ%nsloh loesr 4-3 varshtT k 7\8/&83

t d d 2 b o th
oot due qseRtlEaeR TETer RaRAtE A S hred s TG T2 dgiad ¥’ (e
r esi dual @ish&aﬂtkd b HRLC|(Betck sm;derhe \mpmjmx( Radeobd tﬁrﬁa# 2046 5liled rathi dual
Vol =

di | ut t nzel 64 -v/iw

SNy and niBsas A ST O e St paER 2B DG el ST (- 1
mn, Vvis u:ahlovzbhbscé«)cess dherlsonhtel hﬂdmtasml boohidel Theine gral tBe daRe @ere washed with
(crystall [Wely} e 12 Cif sar then to
0-5 T. Af { eﬁhaﬁol?fgf'hl E%’tlla?%‘r |V/rYv S, ﬂ?:n 5OO)E Eydéoxyl%m%t?l \ﬁat%gg?g%f} rs%/%qugezd and
t he cake msaldéfd tovithteHilipee ateoan wap%m(eSme@ thgbulk ag heatod/wy tSK =+ 78-Z7 j0oamtli ons,
then drie reduce ssure at T = 91 3%
of pr oduct He?gﬁ“e parai t|m%n£ro 2§ s &9 ﬂfﬁé%n%’rw ége]g%[ 66265%)
product fthebuiktves cbnc(eﬁMtedmmder tedycedvarss sirs $DT0vISA mber, 14095 &T)hansl Vo§12ﬂﬁ. 5

residue quenched with water (404.5 kg, 6.74 —v/w SM) at T = 45-55 °C and the residual ethanol

distilled under vacuum (270-150 mbar, 45-55 °C, residual Vol = ~10.4). The bulk was diluted

with benzene 60-90 (236 9 kg, 5.64 -v/iw SM) and heated at reflux (T = ~60 °C) to reach a

complete dissolution (~15 min, visual check). The solution was cooled down to 8-12 °C
(crystallization occurs at T =~17 °C, seed at ~1 2 °C if necessary), then to 0-5 °C. After 2 hours
stirring at T = 0-5 °C, the bulk was centrifuged and the cake washed with benzene 60-90 (59.4 kg,
1.41 —v/iw SM) in 2 portions, then dried under reduced pressure at T = 40 °C to provide 86.7 kg
(91.3%) of product.

¢) Preparation of:

R CH;—NH,

{0205] The product from step b (SM, 40.0 kg) was dissolved in 100% ethanol (229.5
kg, 7.26 —v/w SM) at T =20-25 °C, then anhydrous Raney-Nickel (5.8 kg, 14.6% -w/w SM) was
added under nitrogen (wash the catalyst with. 100% ethanol until KF < 300 ppm) and the
suspension cooled down to T = -8 °C--12°C. Anamonia gas (45.8 kg, 13 equiv.) was added under
vacuum over ~8 hours through a cannula, thera the suspension heated up to T = 48-50°C (the
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kg, 7.26 -v/w SM at T = 20-25 C, then anhydrous Raney-Ni ckel (5.8 kg,
14.6% -ww SM was added under nitrogen (wash the catalyst with 100%
et hanol until KF < 300 ppr‘r) and the suspension cooled down to T = -8
C-12C. Awmomoeoxes (45.8 kg, 13 equiv.) was added und%T,U\g%%ﬁhgver -8
hours through a cannula, then the suspension heated up to T = 48-50C (the
52 WO 2006/ 037043 PCT/ US2905/ 034813 i nternal pressure rises to -2.5 bar).
The bul k . h dro ena T .= 48-50 i 1.3 he .hydrogen
2bsor pt | SHETHAHSREOERAT S barh e Al v PR an ek Bem? P (i
0.5% . Thanlshls}pémgetrmbsoxqm)nempd (ed héuds) End-thd fbsifital €M Maed&xlmﬂsbs HPLCaBNDNI a was

renoved, was clarifi (157 92 fil pers + celt oxe
| ayer o OHe: TR el Gttty FH CREB Gl esi o1 SRRt A e a ko,
2.00 v/ WbSIV,bwas'Ermﬁsd)(l\iéfnﬁ- Gi93 f'dtlespapbdse‘dcelltmdellaymetducﬂ@dﬁltqﬂ asisthe ¢éin€ Rass 870- 13

nbar, T = 50 ue Iy wi t.h

et hanol (‘X"S'i e'; “kthq)ogéégh ang]%ﬂék% and Z‘?ﬁ ace OY‘\IIaI% i%gl @?elg und?f rfac}" VI w SM
and fi nalpkqssum(i’l 2@70-088 mBar=T 20425 T) amd)ﬂ%oﬂgzegtaen racdmb '(/dsgdlmtddgwt}ium equi v.)
was sl owl n e . te 0 déign |on(+
-14 O, t enqgﬁ)@ 1?%* —V/‘QS ﬁ?deeéhy?&% g (Fgoel 4” ‘7 r(fatlnaﬁa(g;1 Ogegttcorrpl ete
di ssol ut ir. 20r2e °G o100t Anetwa&ictom%ﬂg,dbﬁm eqLov )4@%42s1®vlancﬂds@eldewdmgtthen t he

suspensi htBire Fo'nr]sE%Qm%ttge %%m%éﬁt 2l Jdgé;ﬁégl tﬁ@b&lﬁ@ﬂo rh[%%tE&F r(ehrux TaL,4) for

30 mn, stirr ours 'at ature. The
bul k was °6)3hotreaclﬁ sigauplett fissobidke Thastiawnwias fooledalown ab K42 3C @tt<ia$eede(d2thm 9.4 kg,

2 x 0.26 t%%s/ &%%\Q Vga@gtu];édthg 13%51'11 a%oy{%gﬁé'i%%%ﬁmm %{“C}_for 3%81}.\? ctogled {%rlow de

33.6 kg am no acet or m A so ion ‘the am ho
acetate f:dl.‘ﬁri’C(@_t@ strrédof) haurs ap tisstinperatart Elrhe bUlR was kepiri fugeds the\take washed Wilsi f i ed

W' th 30% ﬁﬂq{hymégt){tg (??ébg (300 96 K r§1\4504d1ﬁr?aﬂ9{% 1&%&%‘% QAE’HmB éf"{/glts)orc Fo 10- 25

t hen t uct trac’fed I uene at T =
43 47 C. pfwgleb&ﬁkg(ﬁﬂlé%)démnq@dtamfom = 43-47 C, the pH was corrected to 14

or gani c. phase L vadhiich ot MECAREF ke 50 (BUPREP RIS ERE pha%e, TTE
concent r dt6@d ol)ovad bgsuf@slsvﬂhﬁﬂ%rsochmnbml(l (5. 112@ ~281 rmaw) to pid~dédtet We)loat T
TS 6 e e e ol Bt Rl FLotel o 1
anhydr ougvas sleeoied af 88~ 33#g,"CKihe<pH 309 cqypmated 30 06 wigh )addltlmal S8YeuNa@l if
transferrg %séa&t ﬁleaﬂlﬁgﬁ%‘?@é 184, r’[%@?x%grﬁc El%%‘é QQsesgas‘ﬂe& %ﬁ%ﬁ@ﬁ rer 4 the

i ne mashe r ous uene uene

sol ut i on kgak3X¥e), diggn cpmerltraﬁdao ereesamiehyw@gélﬁ dﬁD&OHd@r (lg@gahva) DT, 1.00

equi v.) vassosh ol mé{ﬁggngg&@gscgnon re§1d urs with a cannula at T max = 10 C
At the end of the addition, the % was heated up to 97-103 -C

H,C
N / \ @—CH NCO
HC/H

[0207] The product from step ¢ was dissolved in anhy drous toluene (68.5 kg, KF <

d) Preparation of;

300 ppm, 3.00 Vol), the solution transferred into a phosgenation reactor equipped with scrubber
and the line washed with anhydrous toluene (10.3 kg, 0.45 Vol). Th.e toluene solution was cooled
to T = 0-5 °C and hydrogen chloride (gas, 4.0 kg, 1.00 equiv.) was slowly introduced in ~3 hours
with & cannula at T max = 10 °C. At the end of the addition, the bulk was heated up to 97-103 °C
| and phosgene (16.6 kg, 1.5 equiv.) was slowly introduced (~3 hour's) with a cannula. At the end
of the addition, the mixture was stirred for additional 30 min at T = 97-103 °C, the reaction was
checked by IPC (TLC, starting material < 1%) and the bulk cooled down to T = 80-85 °C. The

solution was concenirated under vacuum (P = 500 mbar, indicative) at the same temperature to
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and phosgene (16.6 kg, 1.5 equiv.) was slowy introduced (-3 hours) with a
cannula. At the end of the addition, the m xture was stirred for
additional 30 min at T = 97-103 C, the reaction was checked by I PC (TLC,

starting {@Rbd/dhoss 199 and the bul k cool ed down to T 3 8Rx83x he
sol uti on was concentrated under vacuum (P = 500 nbar, Fﬁgﬁgg{%f@é@;gat, t he

sane tenperature to 53 WO 2006/ 037043 PCTI US2005/ 034813 -2.1 Vol, the
bul k was checked to _confirmthe absence of residual phosgene _and the crude
i socyanat@-ls¥plufiedilicyen @eles tor contion. thaalsencyjof crpiugledfopstts 2ad dPufdhd
anal yzed.js®@}ank 6R@foa b 8T L0825t ! diRhE QAR B rugf anfl @faisb@ | V: [ 0208] The
product fromstep d (-30%toluene solution, 1 equiv.) was added in -40 mn
at T = 38-42 Cto a_solution of the product fromstep a (SM 21.8 kg) in
TI I F (189) brepagatiog offe titlgqopppapy of imylp & end of the addition, the |ine was
washed with THE (9.7 kg, 0.50 -v/w SM, the bulk was stirred at T = 38-42
Cuntil a cl eé‘i’zoébl ut ihs Arafad ﬁﬂﬁsﬁﬁég@(’(’/‘l §lwwoﬁﬁfq§végﬁﬁ?€d%%~4q aken
]1: or 1 PC Gﬂih_%_:th AG@-#%*C tElauaﬁtedﬂ'dqﬂqlejﬁh%td ﬁm;eebe@éq\g,czlrmdgﬂnenﬂs@sg{s Fl)cfgl”@i(l; B e?o
ormat i on. e solvent_was, distilled under. redu ressure = -
mbar, T =V023Mk Atthegagpofitheaddibion.ghe l}nég‘iaaw%e@a*glﬂa?ég?ﬂ-ﬁ% B30 rb0shcHanol
(132, 5 KohulkhvdQtirrad/ 20T SMs-2t°C Tlnfil dAdad®lfGon AaPsteinedysd Nourd) bxefak@able @hdit i on of
L-(+)-tartaric_acid (8.1]5g, 1.10 ?(g)xiv ) .in F])?OO%et nol (96.0 k 5. 57
viw  smtakiaor B Caarl L osamige £12%) i difk copplstesEolAs HERDRME o™ dbrs
et hanol (s3véntk@s dBtAR umdérwediobd presshie @+ Ui0-T hnM,ST(‘;OM-‘ESj"CC)CAMH the saiid 38 C
and seeded, the suspensi s stirsred the .. arystalljzation tenperature
(T = <57 Tegoup s oo DR Danaid R eg o I snt st af g iy
stirred giephidd SollitAPEL &) tirearit @sid @8l0kd, i1 00 aduiv) ih Q0% ethdrod (9610l kg, \BFF —v/w
centrifu , the cake washed wth. cold 100% et ol 8. 9,,2 x 0.65
-v/w SM %dw 3 ﬁgdeg raf/%\ﬂle%jﬁt 88& f"ﬁé‘n% Wﬁsd‘@asg?do‘ﬁﬁ’c{b%%aeéhagéﬁ e i‘lgag ég ¥35ed on
LOD (- 46%M). TR2&tiof sl eooledrdovatte 3pBOULIMId sedied, thdk gispebbibn oty sit@édditthe
cal cul ated pgsed on asyred L s.dissalved at refluyx (T = -75 C) in
0006 et haRGRTE9a pmeERe g S st S IR T Bt o e o 258 B Bee
i ncl uded)stirréd e thid tepsatrd foradditasl 1 hdutseTietbulkt was eédttifisgddetip eaka twisked Wit ough an
absol ute 0O cartri d,t | i ne rins i th hot. 100% et hanol (5.9
oo 0. 5 £oid ol SBigel (AR E EBF 2 e W ST R S e i A8 e PR ¥t e,
t he suspeasilaad wasl @itliQly @d6%a) the crystallization tenperature (T = -49 O
for 30 mn, ¢ i N - ours t = -2 nd finally stirred at this
t enperature fi&ogﬂdi B?%%agn?t%gf? %CI (%ﬁzolf%ul?s@gv\grg %'eélﬁlitrfaﬁc&}g/aéetﬁ bf”f? Take
washed winidasuprdd-OD)l was bl ved latke Q00 et HaAPIn 100X thhdh] R0 d, kg27.08 BveESMy/ w SM)
and the product . dri.ed under. va t J = C at | east. 60 hpours.
(02107 e Ehpun e e O HBEHAT B o TP e ] s BRR' (peiii
pre-filt ehegzh aanbsotit®3 g eatrivet myd thelineyrinsddetithriet (W4BetBankly5. 9k £) 0.2Vl was
heat ed t = 58- C and,stirred ol NiS. 1t rature for 8.hours, under
nitr ogenQSa )rrgléep oclaur%gl.l Wésa?f’ﬁ)}eésdo o(r?0 ﬁ%@ (%%n\gﬁg?dg@ﬁea%peﬂgg e m\e/\d/;artzhet aken
each 2 housslligition ie¢mmgratifh € mri~49 (€efonds nigabded tovihhdugs b E=P0-2%7 °Canch --4. 5
hours finally stirred at this temperature for additional 2 hours. The bulk was centrifuged, the cake

washed with pre-filtered cold 100% ethanol (2 x 18.9 kg, 2 x 0.65 —v/w SM) and the product

dried under vacuum at T = 45 °C for at least 60 hours. |

[0210] A suspension of the compound of formula IV (SM, 26.5 kg) in1 pre-filtered.

and degassed methyl ethyl ketone (149.3 kg, 7.00 Vol) was heated to T = 58-63 °C and stirred at

this temperature for 8 hours under nitrogen atmosphere. Samples for IPC (powder X-ray, DSC,
IR) were taken each 2 hours stirring. The mixture was cooled down to T = 12-17 °C 1n ~4.5 hours
and stirred at this temperature for ~2 hours, then the product was centrifuged and the cake
washed with cold (15°C) pre-filtered and degassed methyl ethy! ketone (2 x 10.7 kg, 2 x 0.50

- Vol). The wet product was dried ~15 hours iz vacuo at T = 45 °C, discharged and packaged under
nitrogen to provide 25.2 kg (51.1%) of Form C of the title compound of formula IV.
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and stirred at this tenperature for -2 hours, then the product was
centrifuged and the cake washed with cold (15C) pre-filtered and degassed
met hyl ethyl ketone (2 x 10.7 kg, 2 x 0.50 Vol). The wet product was dried
-15 hours in vacuo at T = 45 C, discharged and packaged under nitrogen to
provide 25.2 kg (51. 1 %9 of FormC of the title conpound of formula IV. 54
VWhat is clainmed is: |I. A method for the preparation of a crystalline form
of th formula |l tr 7HZz IINCH F/ 90 /CHCHz [/ | CHz CH
~NH ?Ng&@a%‘?ﬁd)%corrprl Si ng reacting

(4-fluorobenzyl)-(1-nethyl pi peridin-4-yl)amne of fornula 11 F / \

CHz- NH CN- GH3  ( Alinethbfl forvthe pregargemef drlygaldipy foomyof pinecont poaht pf forsolayianat e
of formula Ill; CH3 NHHCHz-O/ \ CHz NCO CH3 (IlIl) adding tartaric acid
after the reaction; isolating th@"hem-tartrate salt forned; dissolving
the hem -tartrate salt i n wat er;naddi ng an armunt abf§ an organi c aprotic

solvent to the aqueoys salt so ut| n suffici ent di,ssol ve the conmpound
of fornmula I; adjustin he aq a.. sg,l(t so ution to a val ue
greater than about 8.5 d|t| of w renoving a part of the
organi c aprotic sol vent; Hr\e e ng organic aprotic solution to

00
|l ess than 15 C, and |soI ati ng any|| precq itate fornmed. 2. The nethod of
claim1, wherein about 0.9 to abo® 1.1 equivalents of the (4-
fl uorobenzyl) - (1- net hyl pi peri di n-4-yl()I)am' ne is used per equival ent of 4-(2-

comprising reacting (4-fluorobenzyl)-(1-methylpiperidin-4-yl)amine of formula II

(1)
with 4-(2-methylpropyloxy)phenylmethyl-isocyanate of formula III;

c:n-\l3
/CH—CHZ—O-QCHZ—NCO

CH,
)

adding tartaric acid after the reaction; .

isolating the hemi-tartrate salt formed,

dissolving the hemi-tartrate salt in water;

adding an amount of an organic aprotic solvent to the aqueous salt solution sufficient to
dissolve the compound of formula I;

adjusting the pH of the aqueous salt solution to a value greater than about 8.5 by addition
of a base;

removing a part of the organic aprotic solvent;

cooling the remaining organic aprotic solution to less than 15 °C; and

isolating any precipitate formed.
2. The method of claim 1, wherein about 0.9 to about 1.1 equivalents of the (4-

fluorobenzyl)-(1-methylpiperidin-4-yl)Jamine  is used  per  equivalent of  4-(2-
methylpropyloxy)phenylmethyl-isocyanate.
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met hyl propyl oxy) phenyl net hyl -i socyanate. 55 3. A crystalline form

of N (4-fl uorobenzyl)-N-(1-net hyl pi peridin-4-yl)-N -(4-(2-

met hyl propyl oxy) phenyl net hyl ) carbam de that exhibits a nelting point of
about 124 C, determned with Differential Scanning Calorinetry (DSC) at a
heating rate of 10 CUm nute 4. A crystalline form of

N- (4-fl uorobenzy])-N i di n-4- N -(4-(2- . ,

met hyl pr opyl oxy) ﬁ@ﬁ‘?ﬁﬁ‘ét %”lclg (ES{\‘PH@P"PW N&ﬂ?%ﬁﬁ%‘&’ﬁr‘g{nr“aﬁ) Poridds-

diffr ¢ons of about
Tl 0 O t%‘&ﬁmenﬁmﬂftﬁ%agi?ﬁfmwmg“ﬁ‘@t“?815 T G T or m of

cl ai m determanedexiti DiffeserdiakSeanying dvedeimetiyf (S40tat dhegimptrate of 1¢ OGfringteng peaks
havi ng d-val ues in angstrons of about 13.0, about 10.9, about 6.5, about
4.7, about4.4.22A c@mdlli&iecfunm df N:(48luordbenzyt)k- Ne(d-mdthylb i ib4-§ N He+2-

conpri Si ext ous, sol uti ,th the organj.c solvent and
col | ecr Ry iphmru s DESBR s i S b Bt Krigy sopder BRCH b egani

sol ventompfisinkRaei gl cptalﬁéseth BhdstroWI @F Shdut 156 afogam 9, HeliveStantabsk! ect ed
fromthe group consisting of one or nmore of the follow ng: hydrocarbons

hal ogeha?.ed hydrocarbons, esters of aliphatic car boxyI ic acids, alcohols,
| act ones, ethers, and al i phatic C4-C8 ketones. 8. The crystalline form of
claim 4 thaft ex Hitei drgstaling foay o[ﬁolm'm#thﬁtfeklnihitia'tKHap@bwécrrdiffnaot'rm paieng peaks

1o 10, VBl L NEPLITE 2000 oF 584 Sl o500 e 2050

about 4holls 4.2PQHY aBekd.0.about 3. 40, about 3. 28, about 3.24, about 3. 19
about 3.08, about 2.91, and about 2.72. 56

6. The method of claim 1, further comprising extracting the aqueous solution with
the organic solvent and collecting all organic phases prior to removing a part of the organic

solvent.

7. The method of claim 1, wherein the organic solvent is selected from the group
consisting of one or more of the following: hydrocarbons, halogenated hydrocarbons, esters of

aliphatic carboxylic acids, alcohols, lactones, ethers, and aliphatic C4-Cg ketones.

8. The crystalline form of claim 4 that exhibits a X-ray powder diffraction pattern
comprising peaks having d-values in angstroms of about 13.0, about 10.9, about 6.8, about 6.5,
about 6.2, about 5.2, about 4.7, about 4.5, about 4.3, about 4.22, about 4.0, about 3.53, about
3.40, about 3.28, about 3.24, about 3.19, about 3.08, about 2.91, and about 2.72.
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