SYNTHESI S OF N- (4- FLUOROBENZYL) - N- ( 1- METHYLPI PERI DI N-4- YL) - N - (4-( 2-
METHYLPROPYLOXY) PHENYL1VI ETHYL) CAR13AM DE AND | TS TARTRATE SALT AND
CRYSTALLI NE FORMS BACKGROUND OF THE | NVENTI ON Fi el d of the Invention
100011The present invention relates to the fields of nedicine and
chem stry. Mre particularly, the present invention relates to

N- (4-fl uorobenzyl)-N(1-nmethyl pi peridin-4-y0-N -

(4- (2-met hyl propyl oxy) - phenyl net hypcarbarnide, its tartrate salt, and
pol ynmor phs and synt heses and uses thereof. Description of the Rel at ed

Art 100021 \WONGHEORIFINUEL £ UOIRTBENZAT I NG MR HYT PINERIGINKA O BRg-Ni des
and CarbOXﬁ|IC acid anm des, which constltute a_new cl ass of cogRounds

ef fective ROBYLOXY P HENYLME L) CABRANAPE ANDITS TARTRATE SALE i ng

t he serotonin receptor of th&mEcﬂiSﬁAﬁuDuimﬁﬁmmV[)01/66521 Exanpl es
of disease conditions for which such conpounds can be used include,

but are not limted to, ngy Jﬁﬂ%&ﬁﬁh§ %ﬁ&@@ﬁ@g such as
schi zophreni a and rel ated 1di opat hi ¢ psychoses epressi on, anxiety,

sl eep di s8icdofielnmmgien i te disorders, affective disorders such as
maj or depr ess 'Tﬁdﬂﬁ b"Iﬂl@l)?éser@Hrﬁfa{tﬂr‘?{elateg?ootﬁgﬁéas%m\éﬁlgﬂ B3 YR CMore
features and Tourette's Syndrone. her beneficial treatnents nay be

dr ug- i ndugwteusEys dhforresent dpwenyipr eelaies ftfee&(é -fggrotopgyRiNrd arpthyipiprddindu)-Ns
vel | as pw&%&ﬁﬁroﬁﬁ&@%y}nfeﬁylmﬁﬂdﬁﬂ@ Biftfaft! sal¥, Qndlp SRECERE BndSihes@S
Al zhei ner's, or élngton s Di sease, hypertension, m graine,
vasospasnFmW§§HEWP and the primary treatnent and secondary
preventi obe latelir otic conditions including nyocardia

D aroti on, CNABROL o OroySe &8l Okl ALRRSENIE SAEIEOTR o

thronbocytope urpura a peripheral vascu ase.
THE | NVEI\ﬁHrml{OO@OC#)r@qﬁe Velmi‘o@msmm a (¢ clas od dorhpopeds ieifectivd mdelsbitngrapt hod

for the DED%RW @Ho%m% r&eﬁt@ﬁﬂﬂ&iﬁ@n@ﬁ Jer"tdEHJ r@o tor of the(SIHT2Al PRasd. RFHUDES

reacting §4- uaQr o en€%€% -neth |per| di n-4-yl)am ne of fornula I
\ N- CH 3~ 04Y/6632% HExanmples o ghissgse ;swts‘ﬁw W’]E}Hbﬂ‘ﬁl} ?P@tpﬁws 728 Be ysath e ladepput

formul a | bk doBGmftdd fHnePopsychiatric diseases such as schizophrenia and related idiopathic

psychoses, depression, anxiety, sleep disorders, appetite disorders, affective disorders such as

major depressions, bipolax- disorder, depression with psychotic features and Tourette’s Syndrome,
Other beneficial treatmerits may be drug-induced psychoses and side-effects of Parkinson’s
disease as well as psychoses secondary to neurodegenerative disorders such as Alzheimer’s or
Huntington’s Disease, hy pertension, migraine, vasospasm, ischemia and the primary treatment
and secondary prevention of various thrombotic conditions including myocardial infarction,
thrombotic or ischemic stroke, idiopathic and thrombotic thrombocytopenic purpura and

peripheral vascular disease.

SUMMARY OF THE INVENTION
[0003] One embodiment disclosed herein includes 2 method for the preparation of a

compound of formula I:
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CH -NCO (11:0 100041l n some enbodi ments, about 0.9 to about, 1.1
equi val ents of the (4- fluorobenzyl)-(1-nethyl piperidin-4-ypamne is
used per equivalent of the 4-(2-

met hyl propyl oxy) phenyl net hyl -i socyanat e. Sonme enbodi nents further

i nclude isolating the compound of formula | after the reacting. In
sonme enbodi nents, .the isolating includes adding a salt-form ng acid
after the reacting, isolating the forned-salt by sol vent renoval
precipitation, or both solvent renpval and precipitation, adding the
isolated s sol vent
phase and glr%hg‘%h%aﬁe%e ga%@%ﬁ%eﬁ%ﬁgggk an hlgfg'lg %@ﬁ%&’{f emgg{rrpound of
formula | fromthe organic sol vent phase. In sone enbodi nents, the

salt formng acid is sel ected frthe group sisting of one or
nore of the follow ng: mnerg @ CHYOR r dkecaupoxylic acids,
and. sulfonic acids. In sonme enmbedi nents, the of the aqueous phase

is greater than about 8.5. a one enbodipgent this pHis obtained by
addi ng an aqueous al kaline netal hydroxtde.ln sow enbodi nents, the
reaction is carri ed out in the presence of an inert organic solvent.

I n sont enb r m t he

group' consi's ylpr?Pgoxiohrchqm&@'ls?% % f oW nlg al i phatic ethers,
esters of ali phatl c carboxylic acids, alcohols, |actones, hal ogenate&
hydrocarbons, and aliphati ¢ds-Cs ketones. sone errbodl ments, the
reaction is carried out at a. dhenparatg 2houinco30 C to about
60 C. [0005] Anot her enbodi meryf di scfosed P
crystalline formof N (4- "€

fl uor obenzyl) - N- (1- net hyl pi peri di n-4-y N - (4- (2- et hyl propyl oxy) phe
nyl met hyl ) carbam de that exhibits a nelting point of about 124 C,

det er mi ned wi t h08§4} f erIérﬂofﬂaleﬂéech‘ﬁ?ﬁ‘an@bC@apar'i°nﬁl°V t-bsgyivalgntsy ofy st (ng
rate of 10 ﬂ@rmeﬁugn)@-métﬁﬁﬁsﬂrmmﬂmmemodwntpmdl sghaRed brer dkn 4.2

i ncl udes a cr stalllng formoa

o b ens PrIRC PRy ERYSReP R 4 Sopte ebodimpats St igds, UG8, phe

nyl met hyl) c@ﬂpbtﬂﬂlmf&&nﬁlhm&cethbtehdtﬁ:g Ia sofnercaipodiroamtiethe tolktingaciudandiiaid er n

corrprlsmg d- val ues_ . : t

105, apoattiaosine Bl b ye B Sl APy oBertitalthe bleprag BB | |

one enbodi etheolventremayelyad prdiitatonf ading B lapliged slt tp awp alasquyseie pomprising

diffractiog, Qb19en® ah@iﬂﬁmﬂﬁ%&ﬁo@ﬁﬂak@%d@b%%ﬁﬂ%cbr%:o&%ﬂo‘.’rﬂﬁﬁ of
O )

about 13.0, about 10. 8 6. ut about 5.
about 4.7, tgidiorenis solveptphipse.4 Insomegmbpdimentspibe salfiforming 2cig é5 selegindfomahes 3
gbgtit 3. go gro8iéidistidg a&n% &Mofﬁw%lpwﬁﬁl@rﬂxgﬁa?adcﬁ mdcﬂlbmlxlﬂwﬁb&ﬁhc a31aQ) dhd.

and a ment ., di scl o r
i ncl udes a ‘ﬁ@?’ﬁ&'ﬂdsf i’f's" 8m?)4’iA gﬁ‘i p&ﬁ% 35S PRESE 15 BLP al%f“ﬁggf 8 m
i ncl udi ng diesawbbdimeay tlds shilig ottdined by:@ﬁqmgumchq@busfﬂkaimd @ethl Hydroxideg e isomeCH 3
(1) agglly t@ﬂh@ﬁﬁ’c‘&?«# is Qi@ o ri,g gw%%l‘ QE%x;th 'fSome:

aqueous sal't sol ution su I cl ent tO oun ornul a
| adpepdinents, ﬂeenselvemlseplethefwatﬂmw cswsvngsqf lowg qravre of the fflorive: of -
at | east abgmiticS eBedy e&@i@ll & @nbhﬁﬂc ammﬁe, aE1@ﬁDMbdﬂ&s a 1RRhds, BhlokeRRed

or aniC a | C SOlV olLl.n enal_ni.n anIC rOI
SoPution & Eiyqt'?%‘é"“ﬁﬁ& Do i intso oot By tos S B 3 G gt

1000811 n S Gmperetnia didinaeont 80 °C hebcﬁattotf'c.of t he corrpound of formula |l is a
hem - [0005]  Another embodiment disclosed herein includes a crystalline form of N-(4—
fluorobenzyl)-N-(1-methylpiperidin4-yl)-N'-(4-(2-methylpropyloxy)phenylmethyl)  carbamides
that exhibits a melting point of about 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-methyipiperidin-4-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl)  carbamides
that exhibits a X-ray powder diffraction pattern comprising peaks having d-values in angstromss
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tartrate salt. Sone enbodi nents further include extracting the
aqueous solution wth the organic solvent and collecting all organic
phases prior to renoving a part of the organic solvent. In one

enbodi ment, the organic solvent is selected fromthe group consisting
of one or nore of the follow ng: hydrocarbons, hal ogenated

hydr ocar bons, esters of aliphatic carboxylic aci ds, al cohol s,

I CA- 9

Lt ores. pP g B LR SRAPLE B L Sh I g

f 1 uor obenzyliodiniat( the mptillire forpeaxhittitsre X-ray bpwddr diffflzc{ch- paadrh ydnpkicing/deaksy) phe
I hyl hat I

gy hgﬁ} ' %’a?y«%vﬁig{dglgigésﬁrfang Ftr%gygt%goum@ d LL%¥tFIp gca%m‘% 65, a%out Is\@AgaIm?Ei o d‘?% V:ﬁzg

anount of akent ¥, ghoni 45, alpprt 3, ebogb‘I AZerpputd 0 tahent ééh ebumSS sfahltouisb%uabpmn

suf 1 ¢i enbof gudll £E0LKE sl Gn&eIPOUAd Rl fRT MUl @ |, adj usting the pH of
t he aqueous salt sol ution a val ue of at Ieast about 8.5 by

addition of a IB%I]gIe é@ﬁﬁ&@?ﬁ@"ﬁ%@“&éﬂﬂé’é’ﬂ@ incdtdept 4 wowfqrﬁhetmarmogam c
sol vent apthebieREhthiRL: ok indMdGh@ Bisdivid 8 SADf a £ B foRnlAlit wadr: t he
organi c aprotic solvent, cooling tfie renmaining organic aprotic
solution to | ess than 15 C, and |soI ating any premptate f or med.

[ 0010] Anot her enbodi nent d| scl o herein is

N- (4-fluorobenzyl)-N-(1F o_ _.CH—CH,
met hyl pi peri din-4-y1)-14 (2- hyl pro xy)CH
phenyl nmet hyl ) car bam de he Ntrate @f f IaIV HOCO HOCO2 - 2

a \ [0011] Anot her enbodi ment di%el oﬁedMel n includes a nethod for
the preparation

of N- (4-f 1l uorobenzyl) - N-(1- et hyl pi peI‘I{H n- 4- yl) N - (4-(2-net hyl propyl
oxy) phenyl net hypcarbam de hem -tartrate, conp' ising performng the
reaction for ogeirgracmein gf anjpszagio msdigrelvent toftlesragusions splt splutige sidfidispiig

above, adgigsegeﬁ,ggot,@gdngop{gmaqfter the reaction, and isolating the
hem -tartrate salt forned. In one_ enbodi nent, the i sol ati ng includes

obtai ning the aﬁ]@%ﬁng e PH 9f e amequs saltsplntiondo & rbiscof afleastabps §-5 4 pddition
addition efabhg@staric acid. In one enbodinent, the isolating includes
precipitating the. hem -tartrate s by, cool i ng, solvent renoval,

addi ng a non- §8I"{7’é‘ﬁi‘Pa“‘If%§°‘{%%ﬁpf?§??°B’ﬁébf t hese net hods.

[ 0012] Anot her cedtingthe reenining brgolicpetic Joktien tnlesstiAn 168G asd crystal line form

of N-(4-
fl uorobenzyl) - N gany?rﬁwltateg%nrnIzddl n-4-y1l)-N -(4-(2-nmet hyl propyl oxy) phe

nyl met hyl) carl@¥ni dé prewi embedimenigs e tstief th pniiownsd of foemulayl ip vk

di ffracti QAaRalit €bhe SARBMER AgnPRakSE eiaea\éﬁﬂgghe%yeameﬁuén%emgaﬁ@s of
about 18.6, about _16.7, about_  10.2, about 6.2, about about 4. 63,

about 4. 48!venhigp folloptingall asgeprc RRSTHPIY fEsmoYine weoé%ae%ﬁmt FePns_ 1 ay
powder di éuibodigikrit,Ofe ﬁr@ﬁﬁoﬂeﬁtﬁﬁke&d@&ﬁ*&&ﬂk%ﬂiﬁ%bﬂ%@h@- Af Dt BSmbr8 of the
angst roms, of .ab ut

L DoutoRbm Uhrodbions, sAREked FudoesBBRbuad of auRE aBniic 358
5 14 abomohés,@@’toneabﬁ@ts andﬂﬁhahaﬂeﬂatkemne% about 4.63, about 4. 49,
about 4.44, abgygh 4. iﬁamegﬁlu&m%nﬂascloeéa%ﬁe 3nd oy @ﬂ]stﬁﬁr%%nngoiq@

[0013] In one enbo i ment bove crystafline re are

di ssol vi niropabenzdhhsomeiayiniperiiarniig (+@meﬁlybtmﬂw}phewhaﬁiy dnﬁa;@me of
et hanol aiﬁ}ﬁliubéﬂ(fbp Ft]ﬁﬁbﬁbﬁ&h that ﬂfm%ssm hemi-tartrate salt of a compound of formula I

in water;



(I1'V) cooling the solution to a tenperature of |ess than about 20 C
and isolating any resulting precipitated solid. In one enbodinent,
the tenperature during the dissolution step is about 55 to about 90
C. In one enbodi nent, the cooling rate during the cooling step is
about 0.1 to about 3 C mnute. [0014] Anot her enbodi ment di scl osed
herein includes a crystalline formof N-(4-

fl uorobenzyl)- N (1-nethyl pi peridin-4-yl)-N -(4-(2-nethyl propyl oxy) phe
nyl met hyl ) carbam de tartrate produced by a nethod that includes

di ssol vi ngddirtzen emonpbefiad oglinid aprofiwibolventVo the apiedva sl solotionawffisichriodiaselee of

g_lga%z [ﬂ'g %_«gﬁaﬂ%ﬂfqt adﬁsﬁ%%%ﬁ&f%e anJousasgﬁ ls’t;lutgﬁ td Pvaq’tgcb'fgt 104 C
about 8.5 by addition of a base, extracting the aqueous solution with the organic solvent and
collecting all organic phases, removing a part of the organic aprotic solvent, cooling the
remaining organic aprotic solution to less than 15 °C, and isolating any precipitate formed.

[0016] Another embodiment disclosed herein is N-{4-fluorobenzyl)-N-(1-
methylpiperidin-4-y1)-N'-(4-(2-methylpropyloxy) phenylmethyl)carbamide hemi-tartrate  of

formula IV,
~ -
HO COz
Q . ,CH CHs
CHZ’ ~e~ NS ,.p/ HO cor
B P
).
[0011] Another embodiment disclosed herein includes a method for the preparation
of N-(4-fiuorobenzyl)-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 hemni-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 2 combination of these methods.

{0012] Another embodiment disclosed herein includes a crystalline form of N-(4-
fluorobenzy!)-N-(1-methylpiperidin4-yl)-N’~(4-(2-methylpropyloxy)phenylmethyl)  carbamide
hemi-tartrate that exhibits 2 X-ray powder diffraction pattern 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,
gbout 4.44, and about 3.96. In one emhodiment, the X-ray powder diffraction pattern 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:



(l'v) cooling the solution to a tenperature of |ess than about 20 C at
a rate of about 0.1 to about 3 C/mnute, and isolating any resulting
preci pitated solid. [0015] Anot her enbodi nent di scl osed herein
includes a crystalline formof N (4-

fl uor obenzyl) - N- (1- net hyl pi peridi n-4-y1)-N -(4-(2-nethyl propyl oxy) phe
nyl met hyl ) carbam de tartrate that exhibits a X-ray powder
diffraction pattern conprising peaks having d-val ues in angstrons of
about 17.4, about 10.2, about c& 91, about 4.50, abbut 4.37, and about

3.87. One enbodi neft exhl bi tHsNa X-ray powder dHaffI‘ hCt kAN tern
conprising peaks hayi ng, d-v in angstrcpms cgfi_{i)out .4, about
10. 2, about 8.8, abouy 4, b t 5.9 aboyt 4.99, about
4.90, about 4.62, aboug 4 50, |about 4 about 4. 20, ahout 3.87,

about 3.73, about 3.58, abwy N3 AP ANt about 2. 90 [ 00'18} ot her
enbodi ment di scl oséd herein i ncludes a crystal l'i ne[ form of N-(4-
fluorobenzyl)-N-(1 t hyl pi peridin-4-yl)-N - (4-(2-het hyl propyl oxy) phe
nyl met hyl ) carbam de tartrate that exhe’{jl 'ts a X-ray powder
diffraction pattern conprising peaks havi ng d-val ues in angstrons of
about 12. @ooliakdhet solufion7io zivwpdratGe 6 lessatharuabort, BUSC, ahd isplating 70y reshiting
4.57, and ?cplgﬁgted satid! fn odagfnﬁddﬂﬂgnt \?JE tefnpérﬁ'ﬁré @\g'mg %eﬁﬁsoﬁﬂfn(@t% is :98@: 55 to

embodi rrent exhibits a X-ray ffraction _pattern conprising
peaks havitbryt . Faliene einbpdmfsﬂl? W&ﬁtﬂ disig the poolipg stepipapout{d ty abﬂ%’»out
7.4, aboubckifdte. about 6.6, about 6.2, about 5.86, about 5.53, about

5. 28, about 5. about 4.8 t 4. 4. 57, abqut 38,
2%, 30U, M 20k B0 il RS S B0 h of 38,
3.46, abo lﬁthor&:eﬂﬂl) Na&j@Mthy[ﬂlp&ﬂim-taﬂHNa(b{ljz}metﬁylﬁanyloﬁcﬂﬁﬁbij]hﬁemh ercarbamide
enbodi nen [ rel h P on of
the.cr yst STE0RET Ry BB RUNS B RSt Blor IR R R "
solid formwegﬁpﬁ'@mmd@ﬂombmﬁmaamwﬂam@ﬂboawm@eut%ﬂvent: cH3 NH
CH2 C, 0 - 2 (IV) d stirring the suspensi on whi addi ng crystal
seeds of crystallipe form C, §escribed herein. In pne embodi nent, the
t enperature of thejsolvent N¥{ng the suspendfhg s s _£%%m about

30 to about 100 C [FqQ _gre erbodf ment, t{heocaprot+at,sol vemt is sel ected
fromthe group corrorof e or np of¢Hzhe fof | ow pg: aliphatic

D

or cyclic ethers, tarbexy\ c_gst s, ones, allcaneg;~and

al i phatic C3-C8 ketones. | §Hong : “enbodi ment, the sefedi By i Szarried
out at a tenperatufe from abouto 40 to about 80 C. |One enbodi nent
further ihcludes c6oling the suspension at a rate~fromabout 0.1 to
about 1 Chninute. In one enbodi ment, td™ suspension is cooled to
about roo r t i,N

ebout 1 COBEIRELAHE &3 EARMLANALD S SEROHLR0) o FELEB6T B0
descri bed *eloute, mbiselating enyreralingmrenfripie seid.a cr yst alline for m of N-(4-
f 1 uoroberi zyl)rbob\is f 1- oy @Abpmer%@aékecvﬂémﬂ\fneﬂae@% cﬁﬁﬁﬁi}{é Fb&RBf’N%Y)phe

nyl met hyl ) carbam de tartrate or. _m xtures of %sta i ne forns of
N- ( 4- f | uorBBeAy I PN-(emedyingeridiprdoiRe -6 wetwlgiwlo phempimethyl)  carbamide
(2- net hyl myﬂqakm);mhwx&wohydr)dif&@h&aﬁatﬂa cbﬁﬁrtsfn@tpeakk lﬂa@gmlams and

I f
the “susperieraenries Har Ry Doy erkcaay ssp ph <y aret - fpm
descr i bedehtedigient, extbith 4 deyabwdng diffractidmepatieny samlbmmpeamiamdg fd-ahrt e
suspensi og, o%%?kn%ﬂpfﬂeﬁbo%@%d%%ﬁ ‘}%oiﬂsl ng‘g’f I &t%%'aﬂo ‘?ﬁg@

met hod for e preparation o orrh escri’be
that incl edeist ¥, shopt 442nepoat 458y abp'at‘ie’i?s@zbnt 439, dout 487, about 3.73, about 3.58,

f 1 uor obenzysl)r A fod z¥eidwel pi peridin-4-y1)-N - (4-(2-methyl propyl oxy) phe
nyl methyl ) carbam de in a sol vent at tenperatures fromabout O to

about 70 C, stlP§16] ng Amnterreaberdimeng disclespd hereiminglndes acaplinaafork of ¥id4-about
50 to abogtorotienz) Wl hriRthRABiPriaAB-4GIMPL A2 -BSASopPiboxSFnbs iyl N e cdiihe C,

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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t he obtai ned suspension at a cooling rate of about 5 to about 15 C
per hour to a tenperature of about -20 C to about room tenperature,
and isolating crystalline solid fromthe suspension. In one

enbodi ment, the solvent is tetrahydrofuran. In other enbodinents, the
solvent is selected fromthe group consisting of one or nore of

acet one, ethanol, isopropanol, dichloronethane, 1,4- dioxane, and

acetonitrile. [0020] Anot her enbodi nent di scl osed herein includes a
crystalli ne-¥o qrﬁi@ﬂcrNefech to as Form C. One embodiment exhibits a X-ray powder diffraction

f 1 uor obenz ylerMNeombrisiRl Jaskk RivRe Bivalidd irfmyshhmdbrabdht (22, MREN Y Rb&URY.L X0} phe
nyl met hyl ) carbam de tartrate @éoduce% q% 3&%&%063% tgat %fCAUQE%
suspendi ng %P> &Yt aPuhe2 @Bkt 2hQut 2423 $194 94) 216, about 4.84, about £.70,

N- ( é_ npfj hy | apbup @157, Chibbut 4.-3;,Ja)ao&~l'ct.e{,4?({u23.a@tah?alt _ﬁlﬁ"l}p?duﬂxyll), [aifsmnwmobylt)&
carbam de tar e 0 xt.ur e crystalline forns o

N- (4-f | uor c?g‘é“:‘é%fb‘#i@ ?PS#‘F%% ggperi di n-4-y1) - W (4- (2-

met hyl propyl oxy YashENny| Aedtley knbodiarit aisclded hexeit inaludes ia method ok e prprgation
aprotic sol t , I LLEiNg
the susponsl 88 kA ARERAENE Sl R ENAY s AOH] wfPofscopbhnd
and i sol at iofi§protla P¥hia agappaiic adveithe solid from t he suspension

[ 0021] Anot her enbodiment di scl osed herein incl udes crystalline form
of N (4- | s i
f1 uor obenzyl) - N- ( 1- riret hyl pi peiN 'n-411)-N‘-(4-ﬁ§3ne hy #20xy) phen
yl methyl) carbam de |trag t2at e prodiuced by, a @rogmssHthat ijncl udes

di ssolving a tartratle @ of 4-f | ugfolfen®d) - N- (| 1-

met hyl pi peridi n-4-y1) - NS4 ( 2ymet hy | prpyl oxy) phenyl metéh %ﬁ'
carbami de in tetrahydrof urarffor “gcettie at tenperat §r ed®f r offzabout 0
to about 70 C, stirring the resubting solution at ajtenperature of
about 50 to about 70°C while adding crystal seeds of the crystalline
formC, cooling the obtained suspension{(® a cooling rate of about 5
to about 15&1«?3 g,tﬁ:oﬁu ﬁs%n@hﬁeea%ﬁ% ﬁgsﬁﬁ Qzet%fof %9%1'1&113'{' Cc,:dés&b@m&&n eom
tenperature, andisolating crystalline soll rom the suspensi on

[ 0022] Anot tree crabpdipetintythe temu¢reiure of el sdiventcduring the susrsadingsstepris/ Sem phoptdd te or m

of N-(4- about 100 °C. In one embodiment, the aprotic solvent is selected from the group comprising of

fl uor obenzyl) - N -nethﬁlplperldjn-4- 1)-N -( %éé-nethylpro | oxy) phe
nyl met hyl ) @& pPiyaer oiehe Rileving alivpatic |%afﬁ5¥fg€f#€FSo?ﬁha 59 EnesgaReS 66 0%

i sopr opanolaliptiatie Chaietondsh ak o&@ﬂibﬁihh&lt,ahe)@eécﬁ)g ipeamﬁlﬁrouditfa;témfahmﬁfom
pattern conpri si Vi -\ es. i,n._angstrons of. ahout 17.2,
Bbout | 16, 0o 30 BHRERT: Uiy oiiafn Rt indy e A hmioR NG Y
enbodi nent abmioli th sbast X-C/amnufgovielere eattibbdiment,ttheosuspsasianas pooted riqationti tagm

peaks haviqgag-xggues in angstrons 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. 170018 bounethensmbodisufrdisglosd hereip ingludes a methody fop the Prgpagation

g—b 2 g t 4 b 10 :[of glliégézﬁsta%g@ :k?mg&ibgﬁed%b%é rthad %Hﬂs@esgsél.@&dg%bé)&g’sta:ﬁixé FormadTQUs-
.42, abou . 32, .abou .13,..and al . 06. 0 r ,

enbodi ment fmo@e@rna%l&(h%?t@ilwepﬁEf-ef%gﬂé&m%@%Mé%%@? NgEpgmide

f | uor obenz wanratblof dhixtiees biydrtapiiae foethsof -WEuerdbengyd-N-Q -magtylpyperddiopyl)-ik i) phe

nyl methyl) carbam de t r 0 .S t, 5% 1 - but vl .

et her that (g;(nﬁ I glﬂogﬁ%xyﬁgn érné@te%%m gIIrB LT('}?JT 19 %5%%)3%‘ " S)gf[a{ ‘eag % %%trlr"gﬁﬂg%ﬁlﬁ gal’t

peaks havi rignmtrapmds fom abeut 3thiggbaub s’ Coftirrinig dhetsuspinsn whilerddingl @ysial seads it

10. 6, aboutgd mg/ 21RO e &, Ldes@BQUherefn, Sand 385Mthe B Ge fne Grofll HRMOME

5.28, about 5.09, about 4.90, about *4. 72, about  4.51, about 4. 39,

about 4. 26,5U@BHP0- 4. 04, about 3.86, about 3.70, about 3.54, about

3.48. and about 1:§2. [KQRRA LAREEIRE!disEI0RA HicbR Hotubls  GleBs @ fbr (6 bRpdiation

includes a crystalljne formaof N (4- . ) .
f1 uor Obenzﬂ) _Nc{yitgl}%q [fpg;qn eifgpqdd?bﬁ\_rellﬂmﬁtl)nc]p{fies dissolving a tartrate salt of N-(4-
(4- (2- met hystusrobiy 1PN )-REBitcES-AY]) N CAQ bty BopylayiphétyBreGOITD dafbaiiige

in a solvent at temperatures 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 crystalline form C, cooiing
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HOCO2 ONO [0 0281Anot her enbodi nent di scl osed herein includes a

met hod of inhibiting an activity of a ncnoam ne receptor, conprising
adm nistering to a subject a conpound of fornula IV: CH H--N
CH2C 0 (1V) [0029] Anot her enbodi nent di scl osed herein includes a
met hod for the treatnent of neuropsychiatric di seases, conprising
adm nistering to a subject a conmpound of forrmula IV: - CH3 | N +
HOCO2- (1 NO [0030%I n sonme enbodi nents, the neuropsychiatric di sease
i s sel ect edhs obisined BusPysiouT aconiog wie qﬂgboc;fS fooheh b510sper baphiozoghperhieeof

schi zoaf f eGhiw 00O LR Bom EEﬁiﬂéxé’ture,pﬁM%leﬂ ergtﬁlﬁﬁees%ﬁd 88 th@fstﬁ&Llqu
di sorders, denentja, anxiet sl eep disor ers gcﬁpge Ite disorders,

bi pol ar di $BF gERodmsat, the selyen Y@é%%ﬁ‘lﬂﬁia“t dn RPN the sqlespis prlected

vasospasm fidficthd grédpedhsitind@Flof ortrofeSof adetofd)Othano SyiFépaHED dRhlofoheMinB d  4-

br adyl dnesia, and, ne at hic pain. [0031] Anot her enbodi nent

di scl osed HEFEF hanijﬁ‘if’ﬁ’ﬂ%@% a nethod for the treatment of

neur odegener at i 8820]i seasaker etibrdpticnsdistipsalchtien iBilaies mgryﬁtﬂlu& fsmbg'amm-t he

i soase. | MRt eyl TR SO L BE R b RO BRASS o Bl
Hunt i ngt on'tastaié prodused bml PZCWE&S rﬂ'et ingudd$ swermading aSplSﬂalhceﬁameﬂ N- ﬁlrﬂuétob@pth)y

T tt » eh yJ
Loty SSRGS Wy Sesl G

Fr ont ot enpdRXireDetfe SOFEling dorms] vht é"rﬂ‘@FPBB’aYI ]t‘mefll}élél’f‘é@éﬂ“
i ncl udes  a niElPgybaphtdyeaityl) darbitSdeGiriR6ind pABSAE hgﬁ&tﬁ:dsol%rﬁ 1 temperaturcs

dopamnerglct ing admniste to a t the
conpound of°R§ ?ﬂﬁ?@g a@“?f@&%fxﬁ&cﬁw“ﬁ%‘é@ ﬁg‘h‘fg cgsta ﬁﬁe‘ﬁé Bé‘hBrFQs@}hﬁe
i ncl udes a foret) e ifobting efelatciysiglline solid from the suspension.

[p021] Another embodiment disclosed herein includes a crystalline form of N-(4-

fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N"-(4-(2-methylpropyloxy)phenylmethyl)  carbamide
tartrate produced by a process that includes dissolving a tartrate salt of N~(4-fluorobenzy])-N-(1-
methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl) carbamide in tetrahydrofuran or
acetone at temperatures 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 the crystalline form C,
cooling the obtained suspension at a cooling rate of about 5 to about 15 °C per hour to a
femperature of about 20 °C to about room temperature, and isolating crystalline solid from the
suspension.

[0022] Another embodiment disclosed herein includes a crystalline form of N-(4-
fluorobenzyl}-N-(1-methylpiperidin-4-y1)-N'<{4-(2-methylpropyloxy)phenylmethyl)  carbamide
tartrate including from about 0% to about 6.6% isopropanol or ethanol that exhibits a X-ray
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-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl)  carbamide
tarfrate 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 2.8,
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



dystoni a, nyoclonus, or trenor associated with dopam nergic therapy,
conprising admnistering to a subject the conmpound of formula IV.

[ 0034] Anot her enbodi nent di scl osed herein includes a nethod for
treating a thronbotic condition, conprising adm nistering to a

subj ect the conpound of fornmula IV. In sone enbodi nents, the
thronbotic condition is selected fromthe group consisting of
myocardial infarction, thronbotic or ischernic stroke, idiopathic
and t hr ontfeitli @outh-3his8es deberioe 4dr prartad 3opaionihh about k4k abart 345 eadse,
and Raynaugysigi sease. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0035] Fi gure
1is a X-ray powder diffraction pattern of cry taI formyY of th free
base conpound BP2fbr mfingther erptodigetrhisglgid h%“"lPé“" dsg 3 crystallpg s of N-(4-

di ffracti Q‘Iﬁoﬁ@e'hi}ﬂy-ﬂ (Ddnethlypbiadin-d-g1y-50 @{minemhﬁomm)@mﬁmemyﬁ ordaibhimidd V.

o oo et il 3 Lom b ! ek gl E e ™

diffracti (mnmpr&mgq:reaksmﬁmg:ywmb inf s patrorl affebduh B9.0C etpioléridabofit B30 smaitd. 81 V.

0039] F t I
[Dof {h'egg SuB naf;: & 6% %bﬁaxnhfﬁw sdzgo%ﬁba QhuPRsL ol 4 a%mfs%bcrupr m
diffracti 0"n“>4p@°ltté'r% pud et 3BRPES (5 oS BOMBBRG 21 1 o mul & | V.

[ 0041] Fi gure 7dgasp XM%elpOMHﬁam-éﬁtf ff@ibdelt ORerBiAt Tuﬁ:[u’acs()f cgrm&;aeéuuéapr m
F of the corrpound of formula I'V. TAI LED DESCR

PREFERRED ‘ENPGiHpREsgprising the cp@gqu? e fermydady ppd a pharmaceuhcally acceptable carrier
N-azacycl oahipdt- N-ar al | cyI carbam de is N (4-fluorobenzyl)-N(1-

nmet hyl pi peridin-4-y1)-N -(4-(2- rret hyl pr opyl oxy) phgnyl nmet hyl ) car bam de
of fornmula I: CH

H-N+ HO COs

Q CH ~CHa I

Q. O
-" \C/ H(}\. COy
Il
L 0 a2
v
[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 1o 2 host, comprising administering to a subject a compound of formula

v:
[ CH;, ]
CH, HO ooy
CHz
W -
CHZ ﬁ HO CO;
0
. - 2
)

[0023] Another embodiment disclosed herein includes a method of inhibiting an
activity of a monoamine receptor, comprising administering to a subject a compound of formula
v:



13 (I) Synthesisof N-(4-fluorobenzyll-N(1-nmethylpioericiin-4-Y1) N
(4- (2-met hyl propyl oxy) uhenyl net hyl ) carbam de [0043] One enbodi nment

is a nmethod of synthesizing the conpound of forrmula (1) conprising
reacting the conpound of formula Il

a4-fluorobenzyl)-(1-nethyl pi peridin-4- yeamne) CH-NH (11) wth

t he conpound of fornula |11

(4- (2-met hyl propyl oxy) phenyl net hyl -i socyanate) H3C CH CH2- OCH NCO H3C
1004411 n one enbodi nent, about d&, 9 to about 1.1 eqdival ents of
(4-fluoroberayl)- ( rret hyl lequﬂ di n-4-yl ) am neu,per i vatent of

4- (2- met hyl propyl oxy)pheny!l mef{hyn- i socyanatg i g ysed. |
enbodi nents, the redul co nd of b@l 15 i solfated fromthe
reaction mxture. |In org _erpodi mentHform ng acie\js added
after the reaction. [The forneqd Satt gy Be isol ated B9 solfent
removal , precipitatifon, or both dolvent renobval and precipitation,
foll owed by deliberation of the conpound of formul-a?l under alkaline
aqueous conditions through dissolution j# an organic solvent in a two
phase system and separating the conpou of formula | fromthe
organi ¢ sol uti 88291 n anophee twbadaknbditstodédrhersin, includes agopttiod &ir éhetiregifnent of
(4-fluoro gﬁg,jl:)31

4-(2- met h?ll'%g ropy %1)%31)5%1%%%%8% d{-;l]?n% })e?:@%ﬁgt eﬂ.hfe'tsaocgé%ﬁg&l&f\f@?glgtr[\éactl on.
The reaction may be carried oun,in the presence of JLewis acids as
catal ysts such as petal salts<pr nore prefer abky, met alycal kgxeyl at es.

Sone exanples are Mid 2, FeCf2, YFeCl3, FeBr2, IF% § )1, Cl2, BC13,
AlClr, fiBrr, TiCl4, i ZkCl4, Bar, 178l4- Al ky0. 3, and
Ti(OCL-C4-A kyl )3] T untl of cata may be fJrom apout 0.0001

to about 5 percent|by wei ghgydhd-Breférasly about . 01ud*0 > ’pput 3
percent by weight relative to the corrﬁound of forrrul a 100451The
reaction is preferably carried out in the presencedef an inert

organi ¢ solvent such as aliphatic etherg.(e.g., diethyl ether, nethyl
propyl ether, dibutyl ether, ethylene col dinethyl ether,

t et r ahydr of ur a0t dibﬁm)cmbe@tnelts tlef nextapphiattiic disaschrsylital fon ds or
al cohol's (g condfiC ai;iex!,s@sstc@;@m@ﬁ%a&ﬁasa@fe&% Wrorak ECHARE ofcod:

val erol actorre), o enated h car

trichl or oNEHEMe affft"BY"r disomfcs d’é{nﬂﬁlhe?)nx“‘-’ar S‘%Pl %E’PYF cappspiteClisardcmn higolar
(e.9., aceleae, psidbitydeconia\h hype&&eien il i) WhsolRin &Y iseHemBERENA tick,~ OF

t- butyI ket one 46] The tion te ture is preferably in the
range of 68t SY":@%‘“’%” W’éﬂ?oéf?g o gqq(}%a °BPBferably in the range
of about 5 C tP03ApouUtAn3heembddnenictiselobed herkin e luda nbﬂloﬁmﬂﬁléﬁkdnﬁdﬂtchy

f it Q
T ei thon g EsRaftie Bl econt s RN Sy by lob Moy I

[l either I he protes
anal yzi ng Irsasmp‘-l @ﬂvo@mﬁﬁsl ittme net{r@iemmts/nl deasoris edlecteh é?romoﬂrpwnld corfsisting

formula I pmssoh@ cﬂé%ﬁsfeoﬁﬂﬁﬁné?aﬁ saaaéeawm%%r gehlnd Bﬁ]ﬁdc&%eﬁ& Rﬁ@g;‘/a'

of the solvent di sti ation o e reaction residue under
pressure érﬁ‘ﬂeqe&éPﬁ?%ﬁEP%%rse%m&Mﬁh% Rsers dimaseitLeyy Body Dementia,
pr ef er abl y)ymuat,Bmgés@luéSugeanmealrsaéyaiﬂdmnmmahls:&n@ﬁﬁur by partl al

mpur i e, prUERbi ¢ ARG (BB RSB0 AR PNy Pahe B (Freioeny
further c drﬁkmmarmumﬂ voth dobaminergic therapy, comprising ad:mmstermg 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 dopaminergic therapy, comprising administering
to a subject the compound of formula IV.
[0034] Another embodiment disclosed herein includes a method for treating a
thrombotic condition, cornprising administering to a subject the compound of formula IV. In

some embodiments, the thrombotic condition is selected from the group consisting of myocardial
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addition of a non-solvent such as an aliphatic hydrocarbon (e.g.,
pent ane, hexane, heptane, octane, cycl ohexane, nethylcycl ohexane, or
water), filtering of the solid, and drying. The isol ated conpound of
formula | may be purified by known nmethods such as distillation or
chromat ographi ¢ net hods. [0048]1t was found that renoval of
inmpurities such as formed side-products prior to the isolation is a
conveni ent te to . produc the onpou d of, formmul Wi t h

ur by 1t R G ORGP PR UPR P e PR Ch ey SRer JEPY

i mproved byerbharativaagplas dkdae, @ﬂ%ﬁw&ﬁﬁdedsm de, which can be
precipitated as crystalline conmpounds and re-crystallized from
solvents to renove inpurities. The free carbamde of formula I is
then del i berated by di ssBREHIHCBIPTIRCOSIME PRAYWRIGE , addition of a

base, and ext rqﬁdsspn %tgutehqsg%tgaﬁe“qg &Mﬁa@ttoﬁ%a@éﬁgaﬂrﬁtﬁﬁlﬂeﬁ& the {8

organi ¢ sol utions be washed Wi th water and aqueous sodi um
chl ori de b@¥%¥€mW@ orud. t he sol vent by distillation, optionally

under reduced go® g};ur%gmlcrmwd Kir5 pdvdr Bﬁﬁ'zrcﬂéﬂ)ye@t@mldf&ﬁtaii fomt hod tay

precipitation or tion in water in then use of a two phase

syst ems. WREROw ton of the salt is desired for easy isolation
by filtration qoostz]ent IFigine gRaisi DM rayppowidera diffreti@y pdttemf oft diytab fgArd of the
sol vent and addlt f fresh solvent may be carried out. Suitable
sol vent s ?W??% "f Solubility are aprotic organic solvents such
as hydrocar bons[003h]al o@mtded h¥felmopendero diffractidrhpattetn ofkazysahdégm C of the
carboxylic(ﬁ%&gdg @nd | actones, acetonitrile, and al cohols
havi ng at f car bon at ons. [0049]Salt form ng acids_nmay be

sel ected from ilM8PlganFigusrs ragdnecreidtrd diffrastierhpatiemmirraysipl fomgiRjof the
(11Q, 113&mpﬁhdaﬁ%§ﬁﬂhv nono- or dicarboxylic acids (fornlc aci d,
acetic acid, ox id, ic acid | ei c acid, ric

succi ni ¢ aci d, &Hi)}t ari Lgmﬁcém)a r’““ysEt‘t""fi"c'}'nfi{t,lE E‘?”dgaﬁf‘ﬁe‘t h?YSg’E n'?c?}g‘

aci d). Themm@mdﬂoﬂnymhevadded as aqueous sol utions in anpbunts
sufficient to f or_gr stalll eC| tat u may
range frontabod@hg] ? cg’out %*éh‘ﬁ@%ie%? |ve rggF%gmggﬁggﬁnd
of for nul acompowé pHomdivlagV.mai nly on t he functlonallty of the acid and
the desired excess for conplete and fast salt formation. 10050] The
salts may be dissolved in water and a non-water m scible organic

sol vent for the cdﬂ%&@ﬁﬁ)gﬁ‘¥¥Fﬂ9¥5ﬁTﬁ@ﬂﬂ%ﬁmFBEBF@gﬁﬁygmﬁﬁe

del i berated cor[mmqnd Che ﬁ@ﬁlﬂNJaﬁcﬂcl ltba&&nid&sadﬂﬂﬂloroﬁiﬁk)ﬂ)ﬁrb{le

o oxi desmetprdtn i ey q%éﬁw e RRE o of

t he aqueous phase is greater than bout 8.5. The reaction may be
termnated frommnutes to | hour. N he reaction is ef erably stopped
after 5 to 30 mnutes. The ganijc phase is then, segacahed,

optionally washed with wat nd e and I Nedr ed. aThe desired

product may be obtai ned by vaI of the s nt and drying, or by
precipitation with a non- solvencﬁ et Mt and drying of the solid
resi due. The conpound of fornula i i obtalned in high purity and

yi el ds. 100511The starting naterlals for_the above-described reaction
can be obtained by known and anal ogous &thods. Specifically, the
conmpound OfynfhedigTul af | t NWﬂMb@&lFNQﬁﬂuew IplpBidin-8-GABE (P %—r&fthylpmgylog)
N—nethylplgerldlnﬁ-ﬁjoge w th 4-fluorobenzylamne 1n e presence of
a netal hy 4 npl e according to the schene

[ 0052] CorrpoundS[tmj] f ooaR! bribolbiient TRY meo @ b€ Patheslikdythe aﬁ@bmmgaf%mula 1))
hydr oxybenzal d

R g T A e G e S

hydr oxyl anylpeigp t he al doxime form H3 \ HC-CO0 /H2 H3C This oxine

may be catalytically hydrog ted wwth a adium catal yst to the
CH—NH —CH,
oy
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obtained as a substantially anorphous solid, which may be adm xed
with small amounts of a crystalline form It was surprisingly found
that a pure crystalline formcan 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 base
by re-crystallization of salts or by re-crystallization of the base
itself. [00541Accordingly, in one enbodinent, a crystalline form of

N- (4-fl uorobenzyl)-N

(1- met hy| pifhelecdinppurd of fgrmilh HY (4 ethyirrépylopy)pieyimet iyl piveysydtejet hyl ) car bam
ide is provided that exhiRits a character{stic melting point of about
124 C (peak tenperature), 1er ereptial Scanning

Cal onmetry (DSC) at a heati g ra’En’é—oQ{'cj 1 m%‘fﬁt eqwﬁerel nafter
designated as formY. THé’ ent hal py of fusion of formY is about 99
J/'g. 100551The X-ray powder dlffract( n pattern of formY is depicted
in Figure 1. Specifically the X-ray powder diffraction pattern
exhibits the follow ng characteristic peaks expressed in d-val ues
(A): 13.0 (vs) 004, o 'g\pgs etgdigieqtyakput 06, 15 aljoyd 1.1 grugivalenys of $4-Quotakpnzyl}, 7
gn')zs ? \N)5 ((V\’)nethﬂmgenﬁﬁ%ryl)gmﬁﬁg&\é%ﬁvaleﬂt &Q-(Q-H%ﬂlylgroﬁao{y‘ﬁmcnylrﬁ -J(Sé\?)&ﬂate
abbr evi at i'b¥ed: |I?15°ﬁ’§F@PRdPPé¢§F’§E“éFSé‘]“B%@B’PﬂE‘Ii éfﬁmé%a *EF%"B‘R@ Jf'“’El\?‘é’)f‘*a‘""t“?!}’er y
strong i niemsi lnyone eMboditmet, b eMiforkdiig@biaiis aded dfpr ShelTeMdiisHN THIFQHRA Eatt,

w) = weak inten nd (v = ver vari ous
Crhodi mondeY B ERRle by SOl deit, BretiEhalin’ SR Sor Bl b Rl
formul a | fllewedhyuipliteratién oathe bemetnd abiomtulad O2ger Aine 8GRous 8GhtioSBtpughr
98% with j i
hyd? ates g% %sgllgggltlgtg?ﬂ aérq IIc?)iJl ag&ngﬁ{aﬁecsﬁé‘% %Jrldrrgg& fat ngmf‘%@%bj@%r my is
a very t héfRBdieraasanie apipions dmp preferesk embedimeriel Ceapiralentarfdf-flpesphepayh-(1-

Powder X- rnﬁhhylgipérfdhacﬂ}a%e ?Etdaql;?%@nt BYcd- eaﬁe@aytphsyﬁwﬁﬁea}lhhtﬁﬁ-&ﬁ%ﬁ& iser
of formY, egnd anal | ement al ositiqn co;p%égs wth
conpound &f F’b’ih?“r{?f’ el"r‘??“&’fw EER Brﬂi‘ﬁ Bree b A sHAlEEned
as a Wwhi t euchawaierl saﬂtﬁ)%ﬁﬁ])ﬁ' b&fmmﬁmmmiylfft@r fodeaedamples sl MElle Fedl,,

various o S '3 ty i ayd
contrast, “saf’ ? B ? L(#ﬁ@ oero lﬁd of B? ot &*ZPJ?“*%@%‘FIT'%@?EE‘F@P »

wat er . The@eTlﬁ}-@r%fﬂlky@s Toaamayet ofi saatyst roay be Hremplraay 81068 1i to abonf 5 pepgenn by  of
the conpoupgohq fp&fe&gaiyaabbut 0fo? "o m&ﬁ:cenpg)?wgé}@cl%ﬁﬁ\ééf frmd & <{n§£‘o gorm

Y includes: a) _dissolution in water under stifrin a sa or m of
formul a | forglaller ably the hemi-tartrate salt: b) addltlon of a

s]yfflh ci ]g:nt armmntsl of AL r&&tg:am grefaﬁms?tcmﬁe@almeme ﬁr%naefbe a@lnﬁaqirgmcon
of the OI’

usti_ng, of t he
aqueous s&ltS ntss(’ﬂg{% gﬂ’a?c eﬂéfrs\;&g u CW eg’f W&tgggtpmﬁy%gjb? CBW?F\R‘
base; d) @jtdl mnmﬂajzly:thaxtcmgdrofargn dridioxane]),| eseeessof pliphstér aatbokylic Beidsair gacmols
sol vent a n e v r f the
sol vent aﬂ% 'cBof | e&lr gﬁ}gl %:3 fa&%rgp%%l (?alesrg%cu{r?gq‘ oéglatadg)?df A M5 C
f) hol di né-gatdi-phiris Qr@ﬁ%@natqtrﬁ@lwmﬂw) orlipkatiaCt Gslstongsi(e. mgpcetexwdmg;)lyl

filteri ngpgkjlkgté},@ ds CteRhd, %ﬁethy\"@&h'bﬂ@lﬁe{aﬁe solid residue, and drying
it. The not | i quor_can be again concentrat ed and cooled to

i ncrease the yiPWOY ke eaqtigp iepagRtue isqeclomably ip dheapgsof aput PO fomBHani ¢
Or Or gani 60 8C4nd SnoreSkfdiabBsin KHe RAESIL 2Bt SIS QL& 30 PE) Tllefrf:dcﬁon tirhe malbé 504,

113F04 r dcar lic .ac rmc acid, tic.acid,

oxal i c) acf ?ilgolﬁ‘g?%?i‘?%to %X ?S:El??té?? If’gtﬁ%l%)f’ﬁg“nﬁﬁﬁt ‘F'E“‘l%lgl"‘élh’“f"ﬂ%ﬁlreq‘%“&& :j

succi ni ¢ aelim)procssirklyiiiscor Bciechsering arg. analym@hgtﬂp&ubfﬁfmnc acid), citric
ic,acid

id gl . o
ot hane-1. 2. di QoD coolii b Soeun BERESUEChat, b8 bertormed amy i
hydr ocar berodsindiimgsemahiue i, solvedt by disdllabon bfthlr camatidnaesidus wader aguddid -  or
trichl or opRlangs 10h&! EARHWMCEHANG 10556815 < RlRiFL % SRR T C

Isolation may also occur by partial removal of solvent to increasex the concentration, filtering of

impurities, precipitating the solid compound of formula I either by further concentration or
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100601The conpound of fornmula | has a low solubility in water.

Accordingly, in some enbodi nents, forns of the conpound are provided

that are water sol uble and hence have enhanced bioavailability and

i nproved processing characteristics for the preparation and

formul ati on of drug conpositions. It was found that a herrn-tartrate

of N-(4- quorobenzyl) N-(1-

nmet hyl pi per. 2- met r o] ) henyl et de

is particuf é\ﬁci“yo sw"tna{'ﬁ Vcél(t S8ri i gﬁ%cuﬁ% 587 RET Dt 1Q¥anl 3@%&%@

N-(4-fl uoromia&nzxclo)meﬂhhc@ Inethytehojdhpiame rof diahF)AﬁKyEIi)ig N {Hedsofidk- and drylng The
met hyl pro y ?g,rgg C tg the

formul a I@y &@ﬁﬂ%kco%%%%\g%?@ or mu d@?%a&nafnhﬁ té%%@e%gﬁsggggog ‘gn

i nt egr at e@hwmat?gf@hlcﬂ?@fﬂbr ocess for synt he5| 2| ng the conmpound of

formula | as d&a 4971 befl wabRYR Mreﬁlﬂaﬂglrﬁﬁﬁﬁé@lbcﬁ aaﬁhﬁtdaﬁe bxladhcﬁa}lrforto
form ng aci d. ternatively, thetartrates

e forned
reacti on dhe ipgasion ’éél"%{’c"%‘ﬂﬁ‘%@ﬁtﬁéﬂﬁﬁ?ﬁm@f e BTPRYR °flf°‘W|“]>f;ﬁ with, pigh pyry - gg‘i"ﬁ
[0062] I n oBheeacthdi®hiification can be effectively improved by forming salts of the carbamide,

N-(4-fl b 1 th din:4-y1) -N 5
ot hy! pr opyRBEYS BRERIAEA By BRAP OO ar e DA T P s hodgrove
accor di ng itnpurititseTHedtek canbandiembfolnmih I 1ahmddanctateéMSSoT@n® of the sdliomtwater, 1

?g ;‘I Irrﬁ la;e Int %chgcn\og 7 ﬁs%%?t{ e&pﬁpﬁyo% }hg (saa'ili + a(%e Wti) Qt'L an.rlﬂc@ﬂ@ené The/ Q@ﬂc@%luﬂgns

4( 2- met hy ey dpyeshed \vrithewar rnd ngueouﬁ maﬂa@r@e oeforegememeh of the selyent by
CH- - - CH2- {ioiili6n, oFtlonalBr) urﬂQQe&u@JdtlﬁJsﬁuPe ﬁﬁﬂuﬁhes@ﬁw be rerfioved MOhighR-thdaty

hem -tartrate o onpound formula | fromthe gbtained P
suspensi o rPrec‘PW"lh e fiyselptigntin Yt ‘%’rﬁ‘ﬁ“ use 82 B @ PHYSE SYStTEY Wﬁ?"dﬁ?ﬁﬁ"‘zaﬁm o
preci pi t atthesait RYlesiOdiot By is@flor Bﬁﬁlﬁﬁtﬁﬁﬁﬂc&hﬂiﬁl@ﬂﬂh rpgrnal réaevaloOthe edganicor a

com e |9 B8 S 2 SRR o g s AP

her ni -t ar tsolabikty asupﬂunasrgawoqplvgm/duclméWM@bma, M@gmatsd hydreshrbers . gibers.one
or 2~ but @Rl oaBR;0 Lojd Ak ARN HoBed{oBllonind A enft GBI HebhficPar st S Baock) 1 S
preferably roma 15"t 0 about 30 C. The hem -tartrate

preci pi t at¥®sand forms a suspensi on, which may be stirred for up to 3

dayfs beL IOr e fif obn?r ngsﬂffﬁnﬁ&@ciﬁ%@?ﬁfsﬂ&fﬂdtﬁhﬁ iR oD Srgafioetids, &ucr:]has
preferably at anbi e so esl, du she
and then JPPSEY ags &&Erp@? %5@@«3&% @ slicgs ’94“’ (§°é‘al° ‘ﬁda@\é\%?/a% um
[ 0063] The dxaiviacit, ar[aloilﬁ'faad oﬁaleic&bﬂmxaarilc\a/mﬁ sucoinic atid)edtaticiach) grsulfidret eiddsand

rity. The d at e.
g]lcj :c O?’/ mul ;tmf:tyiﬁui} rtuham ia ua cxd% %arr\rr]be ad&éﬁ.ﬁs aq c%us 3319410%% a&gﬁn?s stﬂl%gl"mt% 18
purified bg/sombmneﬁeﬂmplt@pmhem rameunbmsseraﬂnﬁe fromratrept §.5/to almlt 3 S%leqnﬁg a

sol ution @@%glp Lﬁ{gwﬂaﬂuﬁ LR mﬂéﬁgmy Bn ﬁx@ﬁﬁ&tﬁaﬁéﬂ@} éfqﬁe%c,a%d the

hem-tartrate ition of rtarlc acid. Crystalline fornms of
N44- f | uor ﬁ%%%i@sf@%mk@m%tﬁﬁé‘rf?@???M y1) - W (4-(2-
et hyl propyl ox wnsxi}e nyrreshiRwag 8¢ hasidden Wddand Sioh-fateCmigdTislé fBanks ddlvent

0064] | h h d f | |V

b oot o nolr perombinaditie t MBS sl e A RER o Rh of Sl buta ef 2"
solid for maﬂrlsiml&iﬁeﬁutﬁ;le bass irlndey butdesotlirtiedtoiitliecaiisnéid pkaaddeench
referred t?L‘H}%ﬁ%&{ 'o,% ﬁ@ge]g ﬁ]&bo&%é fgg{ph 9B, L@@,&ns éhageefageaérlﬂxarp&eﬁtal ns

sone wat er enpnst ra en su
t her mogr aV8-frdberiasticnrrady\ps |t®nmﬁiﬁﬁ@dnm@%|1¢1 heovt- r'ﬂ?@@ﬁﬁ%{ﬁé&ﬁﬁ@@'@ﬁﬁ?}m@r by

Karl Fi SCI‘% § {ol 30 kiR Tﬁgr@ga%tpﬁdée E%E%E]Jarafé@%pﬁﬁﬁﬁlﬁwﬁéﬁeé Withakra RNt
of about 3 percent whi gener al I\;ﬁ correspond

to a heni Wﬂ@d@@ﬂlt%v@\?éﬁmé ?T%d“%é‘%aé pe ?béaﬂtsﬁPX/ff’Wé‘&k?fﬁh"&B i SiHEE t he

wei ght | osg by ﬁr ﬁlﬁudnuﬁih aaiaﬁwcﬂeveatrrhmamh sh€ BpRE of tid BlARGidieS TIRQBMpeEA at

about 150 er c n aI S0 y be renoved by treatnent with

dry nitro ff’“f“ﬁ?h E@B‘E‘? up to 20 hours) and form A can
[0051} The starung materials for the above-described reaction can be obtained by

known and analogous methods. Specifically, the compound of forrmla I may be obtained by the
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16 (peak tenperature) with an enthal py of fusion of about 70 J/g.
Form A shows a consi derabl e water uptake when exposed to hum dity,

especi ally above 75% rel ative hum dity. The water is given off when

the relative humdity is decreased to 50% and | ess. This behaviour is

typical for a deliquescent solid. The conmpound of fornula IV as

crystalline formA is well soluble in nethanol, water, or organic

sol vents adm xed with water. The conpound of fornula IV shows a | ow
sol ubi | i t yrejctionoph Mrmegiylpiperiidinedioing eviths4-fugropenzddniinenén the rpmsecamaly a guestd ai n
smal | er arrg,ldggesfoggmgﬂlyﬁ@&l}l%tggwg&&gg C (described bel ow), when

manuf act ured according to the above process. [ 0065] The X-ray
powder diffraction pattern of formA is depicted in Figure 2.
Specifically t -ray po ak di ffrao&nHaamﬂgtter xh| bi t

fol | owi ng m&m@:bsﬂ e @ CEXPFL SSet—m @—(cs,)
16.7 (vs), 10. s), 82 &, 7.7 (w, 74(w) (w) , 6.1
(vs), 5.86 (w), 5.14 (m, 5.03 (in), 4.78 (M, 4. 69 (m, 4.63 (s)

4.49 (s), 4.44 ), 1 96, (s d.3 m

vari ous enbodi #‘gﬁzﬁs ?or mm%? of rfoé'guel%l?h %?i( gboel |%épfa%?mb6f rctaﬁtgn !

conpound ofydioxybergdldehytien ‘aﬁnumbsty&ﬁlomm e, dipdutyloBaide) 7004 fo80%A- 90%
95% or eﬂ:&;h I : .

(1 ncl udi ngi{% %ﬁ%ﬁé&é&gﬁ% o) i Be‘{aﬂeﬂ v@%ﬂgﬁn%‘?% Eﬂ’dtléoaﬁlﬁé&%ﬁ'

[0066] Crystalline formA can be prepared in a controlled trimer by

crystallization from ethanol Hc)ptl onal |y adm xed wi th i sopropanol .

Accordi ngly, one enbodi nent i s % process WO epar at i on of
crystalline formA that incl ud » the conpound of
formula IV in ethanol or an xture of et’hanot and i sopropanol at

el evated tenperature; b) sIovay cooling the solution to a tenperature
of less than 20 C; and c) filtering off the precipitated solid and
drying it..[0067]1n.so xtur f, et hanol,. and

i sopr opanol may" °]&T’3HP%1fagt§yt?ﬁa]ty%ydr ena%eﬁﬂt%gﬁﬂ *Hor & q?%?’ VRt %g‘ 10
vol ume perisbytexybeaiaafroh whigh Hizensicyange bfhferrrptae]ﬂenawéld obtahecbbyt reachién i S

al so pref e\flﬁl%gosécge use dried ethanol, optionally in adm xture with dry
i sopropano I n"some enbodi nent s, the el evat ed tenperature is from
about 55 to about 90 C and preferably from about 55 to about 65 C.

The m xt ur@vsitaamstfb:&rr of wm-mb@uml1amaﬁrpﬁ>&ﬁmxe&v1t}tm-mrzmgﬂmmpd of
formula IV is C%ﬁ §t el!%ggi s§ol ved. Sl ow cooling may nean a cool i ng
rate of a m nute, preferably about 0.2 to about
2 C mnute, anphofsqr t i Gungathd aboediestiibed. nakthod) ﬂeb:ampouﬁd 6 fotraulst Ieis generally
Csztalllz st t w_aho 5 s _Qgbs t hat
a thick pag%%lgdg%sna sf%i(;)sﬁaﬁqga é‘ﬁng%b&r rsoffﬁ \%mfh gaﬁ'%ﬁ C{W}é\@a :i}r e% or%aabout
1 hour. Heastelve fagmiltvas mﬂw@glhlffgh@ﬁmttamm@ryatalhnefommtbhebtamﬁd(ﬁiomrﬂy

agai n geneably skcfathhd ferdi DrtfheeSi ueémh& RerREraif dohditkef]. Ak
about 40 to aboutc 50 C and al so ?ﬁrt er &Fllcnr {0 a terrpersature
of |ess tIFERALBHN c2aEven b ped dp ab‘rfy %’éﬁ’&’( by r%féysaﬂlaﬂmpé S@s of g Te-

cool i ng r&f}etalﬁiah&fof&felbﬁséltﬁg' may be about O. 1 to about 3 U mnute and

referably abo .3 10 i nut e. u i ne
gol idis %/hen tblb?‘?er Cgr??iggdlaorﬁm megh %‘if?é" ’H 9}1514%’?‘??&%'6%%“1 he
filter caKbmahylmpmrpm#ad)wé&(%ﬁeﬂarlpmpylo%herglrdeﬁsﬁcaxbmhﬂm mbmutdedomﬁi
pref er abl Y% %b@ﬁ%cte%ghc nel 0[1:}9 ogglyoup ?24Qer@éaﬁtt§n%eg)ﬁréea%{% d w1

pre-dried °S0l | a cert t| me under vacuum at ien
el evat ed tleHpwral Seanaing {Jﬂm}'ﬁh@) ebmiisating chteoff 10 00/ mrinkits, Hetingftan deberlated

transfor n%S'fo‘erYarh‘é%ﬁ&#ﬁ%?bﬁo@&f%ﬁﬁqy&oﬁt%j}g by di ssol ving the conpound

in a solvent such as tor exanple water and gophl lizing the solution.
The anor phous 98¥in cafethey rpwde difrcier mriemy phforarieisgiepieted poffigwoiphi c
or pseudo Sﬁ&lﬁéﬂ@rtﬂé"bﬁaﬁ QJWFH& d1Efﬁ%%]phﬁEr@%ibﬁm%IMg, chRBRLHIES peaks
crystalline form of i formula IV is prepared usin
expressedmd—valucs( ): 13 0(vs) 109(vs),68(vw),65(s),67(w),52(w) 47(m),45(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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[0073] The X-ray powder diffraction pattern of formC is depicted in
Figure 4. Specifically the X-ray powder diffraction pattern exhibits
the followi ng characteristic peaks expressed in d-values (A): 12.0
(w), 10.7 (vs), 7.4 (vw), 6.9 (vw), 6.6 (vw), 6.2 (W, 5.86 (m, 5.53
(w), 5.28 (m, 5.16 (m, 4.84 (vs), 4.70 (m, 4.57 (s), 4.38 (m,
4.09 (w), 3.94 (w), 3.77 (s) 371(n) 3.49 (w) 346 (W), 3.25 (w,

3.08 i ous,.enb d| s sent in
a sol |(\(IjV) f o’r"???sm”cé3 &é\‘qu’ﬁ oIF‘edI*”(S‘? 'wc {%]?ﬁ% 384{3 T'east
about 50% w&ﬁ%en&@%h 9@%3 eﬁﬂi%lmtmts, BEAG w\prtshntmhesqhé ficuinrodl € corariomgl abt her
crystallin n n e n ous
Cr Yot DBt (R abBRlsL 8 PS5, S0L Bl e, AR Rbon
prepar at | obmr@fothmm@taﬂms/ﬁmI(!hﬂlrdelgﬂdemS@u@)WlVa’teﬂ) arrdg)e als'@mhoes Torpps.

i ndustrial progygg Onypéuﬂagvap Eﬁﬁﬁsﬁb&h'cﬁl%we ﬁﬁﬁbf‘{ﬁ‘ec%ﬂf%%‘&%mhﬁ was

found that the ‘crystallization from'heated and t hen cool ed sol utions
does not rledevieyXmexdiffrectiphand &Sfrindicatp the gpigaling chaster oMY LRARY ST C

can be mangt @1%&1&@@!0 siBonCRMpITed hite dorFRAAEST, fortIR . CIhY ShyathitideBrf UTols A
or Bare equilibrated, in sus&” sion in the presence of a polar and

aprotic sof°9’§-\1ﬁ1"%\‘??ﬁfu’§%%"’dw@?*‘§/ f's of form C are added. In an
alternative to [u)sv]ng s&e@n@dslmsbﬁfbmulaa 1sSdoble hngnmbgam:aéolmyanbehm ed

t hat cont ai stal. form C rep und
of formul & {‘]’Wsc’f‘\)’ ty X“Ftaf i1 PRt %n&%ﬁ’p {1 %magliar;ét SSO%%{LPY?
particle swae. ’I'msetpk@ernamgebcmﬁedforttm pedpaaﬁonﬁﬂﬁnah’d)f ﬁleeérmoartﬂ of fopmylpl. 100
gm V\Ihl Ch 19?91539‘18131:0#1& ]%rgée§q'orcf£rrtungaﬁt@r§116é %C]gl{ég drl ed Under rTDder at €

condi tions nst ance under vacuum The particle size
obt ai ned may a)behsmem@mer wersrEngaf a sditfermpf raidal, prefeghly thsBemidirydint  or
sol vent m xtureggused, on the cooling rate, and the nunber of added
seeding crystals, [0075] One net hod for .the aration of Cry taIIine
formC conprt’)sé‘éd“f"&t"g? e tsaﬁlglﬁ'éﬁ‘dsaf’fiﬁmﬁ?ap%?ugﬁ’ﬁe‘a f@&?ﬁigﬂﬁ‘ﬂ’ ’6? or mul a
'V in an apr ot ifemsddowpnind stforeblekat ed tenperature and stirring the
suspensi on, nal I I S
subst anti al %gr?%ﬁsu%o r?\g;lg)F g‘?oﬁg%ﬁaﬂﬁge goranYl E?Ltﬁglglfg’i'ﬁ'w&td%%oé? ature
of the processbagy be from20 to 100 C and preferably 40 to 80 C.
Sui tabl e sol HP%&H{@ &Qﬁh\é%{e%htﬁﬁhsﬁaﬂasé Rt orfB¥ sQGenBRl 8k &Hg fif &M t he
group conprising alrphati ¢ or "cyclic ethers, carboxylic es%ers,
| act ones, al | c&A%Phasss al i phatic C3- C8ketones. Seeding with crystals
of form C i sepr@i®ngpitt of &k EdlRE a6didoo N3 EHR rénehirgQtdaslc §oDRivR foJesd than(ldr t
di ssol ved and g.saturated solution is formed in which the solid form
i s suspended. g’edl ng is carried out preferably in a tenperature
range from 46 tholdiPathiterdperabrewipk eftonalyktyridg owh 55 to 65 C. Stirring
time of the [ and nost
preferably f? %%B@I%&ﬂﬁ le]?% %Jsﬁg%ﬁgt"o%g&%usagﬁﬂ on is slomy.
cool ed bef Bieanathsoliguer cambepgain pracestteddgng gooked Fqlﬁcaqaﬁed# igld. Salhformirg agis i on
and the cogjy msereasdeﬁémﬁogmé bO8FEARtc lcid® sleh @ mmeril b@ds @29 Ion GiE¥Rg, be
carried out to_an end t eratyre near foom erature_or  pel ow.

b At o

[0077] One 50 B Hh 0P o Gl eeiftip ey FEIRP OBfic G TPRPF | ne

form C of d¥id, tartaric acid, maleic acid, fumaric acid, succinic acid), sulfonic acids (e.g., methylsulfonic

(11 or obeng s N LTy L 1 Bt Sy N e oo Ly opY1 000

henyl met hync cb PP , conpfising. a

suspendi ng t he [38]r phSuiblE osalvents ey Sydibdubeng fsehres AfoluBge, Daldienatsd  F

O XL U1 OB bt AL A b e Bl IR i UEAE 21
rom

t enper at ur cont i nui ng stirring a enper at ur es

from 30 t ozcHy a@l dp@olad‘azr%ksé estes af acsticoppdd) (ethyd PV@%‘%I‘W‘%@S @V@i?fﬁhﬁ@m}f\hen
crystalli n&lﬁ'sofdmﬂ]%e{h% %ﬁlylﬁ()ﬁﬁ &fikr, 'tﬁuﬁlb&tfgﬁﬁfeﬁ ' dﬁtﬁ@ﬁq@ﬂ 'dﬁﬁeﬂiypﬁﬂler)

cont i nui ng Stll’l’lnq%: nperat ur es to 70 C until formatlon
of cryst al #iphadic Cofestencs G;ne%lrﬁmpéltlﬁtane dipthd kespneogmetayl (198 Hhbd kgene)- etk

pH value in step ¢) may be advantageously adjusted to at least 9.5. Suifable bases include, but
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[ 0081] I sol ation of the crystalline solid can be carried out by
centrifugation or filtration. The product may be washed for exanple
with a solvent and then dried over dry inert gas which can be pulled
through the filter cake optionally under vacuum or applyi ng vacuum
for a tinme sufficient to renove the solvents. Further drying, egither
under vacuum and/or at noderate tenperatures up to about 80C can be
applied. It can be noted that form C exhibits excellent properties in
terns of ok Bpjtsgro awiﬁmta relkeling og Arfthaplkaline] reptakdydspxidgs sych a@)E{O&f AedHt hat
i's essent ikaH o chioes, residual solvent; i.e., with |l ess than 1000

ppm preferabl ss than 200 82] | { surprisingly found
that crystalli %EA or rﬁe@"&%ﬂ? %1?583?554 i?? é‘ﬁd‘i‘aé’@’ W%P}f@’f“él‘tf“fez"g%/i’rgﬂm‘f rom
a sol uti osolafon sdibatdiompeitboefs 16 sioansh aerbodt byrwwghsma&mbaﬁbuﬁmbt\femﬁnaand
seedi ng | LI ml for at .el evat era ccordi ngly,
in one emnngg%moql%‘{ﬁE T angiﬁr‘Iéﬁhéarmn 5 ral;’/%] rIJ‘{al | né Eip °é 8 ost
provi ded, p@fwrﬂp}ylabquh@"c 1a)abcrdt K6 Stérmgy tirk at tbmbmpdmwsoﬁtmnarllvmdemhymgal li ne

forms A @refegb Ebcf?l{ 30F migtites% %E)Mrlf ﬁ?é‘%fﬁ%ﬁgh o%gtgﬁléﬁfvhrgt {'n'am c!algledaout in

sui tabl e solvent at tenperatures cont 1 nui ng
stirring afavedenahgengsyadentacwaeiign ot gs Jew.arpotthe form C to the
solution at elevated terrperature preferably at about 50 to 70 C and

nost prefrab[ 5 ; contanJn agitatjon of the fqrmng
suspensi oR%H - : eat) ety M&%ﬁi@ﬂ@%ﬁﬁert

t he conpo lmf:thl m:ﬂn&hbﬁﬁ thrﬂ'ater yst aI l'ine for m C, d) cooling the

obt ai ned susp a COO|I t t r hour..to -20
to room tenpere[afdofe ang “pre eragcfr?l?] gh‘ﬁ tl?)W ubtllll,% g‘)vpa’?eé'o gﬁofdﬁﬁg't Re
crystalli srmae%md;tndntsofwmsmﬂemmnﬁ ammprowaded tifad aro piterenlable yndiesdaihamg and
Lhen dr v Bibulle ik WP rabled ool QORP LRGCAIRY e AL Al ARTRAUN

of formula IV in ose at concentrat'e ut| ons

are obt aj feaulatipp ef @wwmsrtaﬁ aiivas rﬁ«amd @am herpi-tarsie n@&@d@mqher@ylbﬂ {(t-he

solt vent | Oﬁlgrtﬁjtaﬁly@lﬂ%@m i€ opﬂﬂﬂ)ﬁhgﬁhﬂywwyisggmwﬁﬁlé%@lé i ng
materi a et r ahydr of ur an, ai ni ng tetrahydrof uyran
are pref effs 8@“&8’ 617 ?ﬂ‘gmg?rﬁ‘ﬂc&n}“)f%ﬁﬂ‘ﬁw&g&fm@ BPSHA YR - m A
can be di ssthylpefiay)picafinetylcabioideatmirta@trattiaveiied to tafymslotwent suitabl e
at dissolving the starting material may be used. Non-limting

exanpl es include tetrahydrofuran, acetone, ethanol, isopropanol,

di chl or onet hane] 1, 4-di ox , and acetonitrile’] The tenperature in
step a) is prefgerably fr@.n;, 0to 70 C Thec,_gm) nt gf added crystal
seeds in step b) _may be f 0.1to 15%bylvve| ht g preferably from

2 to 10% by wei gﬁe re to t herapOunp®bdi ssol yed conpound of
formula I'V. The| ag ion ime in 0 cj ?depends on|the scale and
may range from pbout B t afout 24 hoyrs, yorgqpref erably
from25 mnutes|to 12 hOLfrsu andc"r'i‘ost pr ef er abljy from 30" mnutes to 6
hours. The coollLng rate in sqep d) is preferablly from8 to 1&\/)0 per
hour. Stirring nmay be continued after cooling at the cooling
tenperature range for up to 24, preferably 18 hours and nore

preferably 14 buzmrs ﬂ@%&%f&h&m ﬂﬁmiﬂerprgm@@& Ja%m%&téwaﬁ%mg hi gh

pol yrmor phi ¢ pu The material agbtained with processes
descri bed™3% 8‘ WS’E'E}%#‘&FWE&%@E‘P”I%{ 2dpserigd HIH’("%PX Wing iyrighic idgsp| e
i n amount se edlt fonidgicid 0 AttemdiiPely, Ghe ke saliamly bo Yormé&d 1 Hkactidl of te Idlate®

crystallinpe for xtures are also very suitable for drug
for nul at i R gg#f\g}:nqu]@gwstﬁ tafftlt

N- ( 4hf I u;)r oberi#062]) - Niril dne mBbddithept, Ne4-fabirdbenkyly A1) t-Nethylpipeidinat N ga-@av| oxv
: t E D FA 8
errbg dle%n . Sﬁ)ﬁ%‘%ﬁgﬁ%@ El%‘@lrgﬁh)@?ﬁ#ao d%r}]gﬁuata%atg 130 % nge?d n%c%oé?,{, g)stﬁgs 5?%‘%{7)‘!5“;

W th certlaﬁfthSOI vents. These pseudo- pol ynor ph| c forms may be used in

drug formil gf i;08%pak 0.6 Vabdd 1 BRLRAUEG! dreNeRfon IR - R TRERMC forms.

ylamine of formula II
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formed, when the anorphous formof the conpound of fornmula IV is
subj ected to phase equilibration in TBME at anbient tenperature. The
content of TBME is about 5% by weight relative to the conpound of
formula IV, nmeasured by thernogravinetry at 10 C heating rate. This
formis herein referred to as crystalline formE. [0089] The X-ray
powder diffraction pattern of formE is depicted in Figure 6.
Specifically the X-ray pomder diffraction pattern exhibits the

foll owi ng charact tic pea essed in d-values (A: 17.3 (vs),
16.2 (n), 10. GFT—@‘S CH7. 5 (w), 6.6 (M, 6.0 (vs),
5.28 (m, 5.09 (s) 90(n') (vs) 4.51 (m), 4.8 (s), 4.26

(s), 4.04 (m), 3.86 (W), 370(vv) 3.54 (n), 3.48 (M), 3.02 (W). In

compound of 1 offuh A SRebn PR BB AR RbEE 500,

90% 95% or 98% wth the I’EITB.I nder being other crystalline forns

(i ncludi ng hydf&tes and sol va and/or anor phous forns. [00901It
was al so found th&H 1188 TS satizon"&? the conpound of formula IV
froma sol utiopcfn tetrahydrof an (THE) results in

non- st oi chi ometrical THE sol vate, which contains fro to about 3%

THE relative to the conmpound of fornula IV, as neasured by
t her nogr avi rﬁ;tﬁdﬁtatamaachleﬁﬂi ng rate of 10 C. The sol vent rel ease

starts above,agien AU BBl A e ind aed ibcfon . ©

formis her &P n P& errec as cr I'I'n 11The
X-ray pomﬂbq: hegtii-taf tratectidy @ fyo bmbtampmﬂl@ﬁghfpmcmtﬁon By eeliscolvent remopgl.gdding 7.
Speci fi calylg, LRy a%mﬁf?a\ﬁglﬁéf it theiad 'IQBneQﬁﬁ:&ﬁzﬁéﬁt, %Mrbdo?essofvhﬁ are

fol |l ow ng °c aracterlstlc peaks expressed in d-val ues p) 11
16.0 (m, addgd @pn ¥eR b b) that éaa‘(evg) lowgolgbl@mfor the I?rne mtratcssu?‘la as({m ropyl ygtat(:,v\s)
5.04 (m, kétm&:isu(:lﬂs acélon@Zr 1-$tanond), 2/ ok tHrahydrofddbn. (Th temﬂcr&&e (n\s&b b) id pr@5

in , 3. 98, and vari ou
b rendistont B S rsbisly o 1 il Bbeiblles el ShtSion
formul a | Which nambumhrsaddtﬁr wptto B das thefa dilierigQFh thy il i8@0he ©8Yen BBYre or
98% wth_t )
ot at es. BRGLT RPN, cBbh. HnbRoud bkl 18 GRS sid B8 QG
Phar rraceuttqnwaﬂatu;ﬁmimfmsaf@efﬂssﬂec[ seipMgmTent i oned above, the conpound

of formula I'V jghe3s Petlettlemitatite bARLAIAR Rbb@sbd M%gﬁ@muﬁmp@@ The
pro-thug in pharnmaceutical formulations to ivit f a

a
monoanmi ne TOHERANEE cange gjed fojstiaje ‘a"rgé?‘ﬁlt%?ﬁt‘?ﬁ"frﬂ@@&'ﬁh%in tﬁ?“si’ B8R
subcl ass. ha}hﬁmﬁ-ﬁtérﬁﬁjdbﬁjfuﬂﬁer fnﬁiﬁad,ll))a:oh\)érshﬁ&) tefrse tgead fembla bmidnstognumgh
aqueous syste bas i s _deli.
ranges, pr'*‘?)'{‘/'i“’& rﬁghedbafﬁ‘ S’Hmlbfsoa?/lalis PTHES )}plgﬁhe c%"n%}éha%w% %orrm a IV
al so possessasaciii gh st orage st abi I ity. [0093]It was found that
crystal formCis the nost stable formof all found crystal forms. It
was al so found that cr stal forms A and B are stable at anbi ent
t enper at uiCagiallize 44 HO-H{E-8 iyl apabl e of

coexi sti ng,llem{? b m @1&.;&&1@@1}@1 a}nafedgzoﬁlﬁs Ag Band especially C
are suitable arigus ty ad ra ti.o
even in pr esen@g ‘ﬁf h W‘“@’J“’d"a}‘gwg‘ aiﬁcgg"‘g"“ﬁ 3‘?‘“ %E\gf"’%8gﬁ%’neﬁfﬂ B

and especiaatuyer Gf m@ﬁnfemm aﬂvamﬁgesolﬁd‘mnrmﬂucfcaby the ehoveydraaibed

handl ing d

ctabi 11 Ty bt tEARAERI-RBka ok Blibe 12 AIIBEBHA Ry Kiks GRS
fornul at i ovafer 9% dﬂ&g@agﬂa@m sttb.gcctemwghatsmIthmmarwnehﬁrﬁdalmsgwupled to FT

bi 0-aval | Ghtddas¥entrdstab oy £ANBAD:trdBof e FarlFRaidlh 58) e U Bdn bibunt

phar maceuti cal Tornmulations. 100941Form C is chemcally very stable
and can e®fiabgpt Betof b perepniabse sveighit whichy ypd gengrelly forresiopd o 2 hemi-hydrate.

phar maceutygalek yth@%@ptsaéaiyew&% agndf Qhicd thRBiHt LSks Istasis fibiOiboteh bRt

stability it still exhihits favourable solubility properties as jts
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
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[ 0095] Forns A and B exhibit sufficient stability under anbient water
partial pressures (i.e. at relative humdities between 20% and 75% .
Furthernore, forns A and B are very suitable for pharmaceuti cal
processi ng in agueous environnents; for instance, for granul ation
with water or with solvent-water m xtures. [0096] Accordi ngly, sone
enbodi nents i ncl ude pharmaceutical conpositions conprising the
conpound of fornula IV and a pharmaceutically acceptable carrier or
di | uent | n(mdnempodbae)i withren Snthilpyeof Casinp @i ApuioT0 Vor Frmh & dhvis & capeifesableed
from the OfoPyfkc GhaShakld 8% Al Bl P800 765 02RkAS, R isOf

conmpound o tubst an ends on"t

ulrre
for mul at i offvenrRif \d@s fhe &Hﬂh@&%@ isigereapry tuPRd ami @5& erhaviqupyis tmﬂ fods .

The anount déhque@&mosroﬁa 1he Eéﬂaﬂoﬁ{dld?rforﬂiﬁy TV8s &rj <R -fdrmt £ isOP BBible in me-
preferably to BOng[gsa and r@re preferably from1l to 100 ng

Oal for rrurhartc’? afaer. ﬁﬁvg% s AT Feteo e comppndef fermpla dy ghows 2 low
tabl ets, pididbRitand othero6les:, soenth.i Opyitllink Ol [AA inkyD B6nt:Ht! @Ihalﬁﬁ aAEARO8FS

suspensi ons Lixir nd..s Sol i d roul ations
enconpase Sruie et ARGER D pRletn AR ot B PRARE FereFny o
liquid or soli[@éSpod.TheiXgay dewdat diffractive atas sf oh Wt is alagictef intHigire 2.

d
oo ot Saeb SRl ot dotey' RhaBRRRER BuncBPRLLICRE Wil Rl JBLOT,
used as powuessed i, dgpalues (A: clrgérﬁ)zléd (pane.2 6). 83)m). 7 ST &), $Rdmbns

or sol uti O@?(vsfs 86 h@ys )%3%)7'@*799&1 4.68085, hﬁs@ [GEYC (S)t DS (vs), 4.35 (m

phar maceut i cal ['e ingredients in adm xing the codgponen

and opti onktd Lr%%éﬁfﬂﬂ?@?% FW@Fﬁ“%@‘PﬁéﬁfWﬁllﬁHﬁ@mﬁ%@I grm of the
colrrlpos ed f@)ﬁnpﬁiﬁar(’fpfoﬁmﬁd’mm bﬁélﬂts@fatfﬁdéithbcﬂﬁﬂﬁ%, 7avs,, SO%W 955,100 98%4, aa]?&et s,
pills or troche 0 in.carriers.for

P uspeni onb® Rt Pen R ETSHIRE B Lpditfie Wi sB¥ Rhysp 0 Fone
conpr essi ofomuso for m pi I I's. [00991Phar maceutically acceptable

i ngredi ents arq BRMHind Rim W e HiebiFin LEBRSR mahilh B LAt AN

may be for exarrple b| ers suc as n or synthetic polyners,

exci pi ent sFom eibFpk aphonally admiredoyithritogropasole derdingly, necPrbpdiment;isiamgocess

agents, coaim@ﬂepmmmfa}y&amwmmsﬂcm&%, dyes, thickeners,
r.obj al nts, antioxidants and carriers for the

adj uvants, anti e

vari ous. T or Bl SHFURPE ETROURR Gk LY el 5o pTENSF & SRR o

t ragacant h, acq:mpmolzsblafamhmn@&hm; ne, and bi ol ogl cal degr adabl e
pol ymers such, a yesters lic acids,

al kyl ene gl yE)oI E’wppo? mﬁﬁ’ﬁy‘ﬁ%ﬁ’g%g %/n?gf’m“ 1575%?’ Q‘f ftic hydr oxyI
carboxyl i c ael dieriigoffthe poripitatedpdidpaddrgessit.of  di car boxyl ic acids,

al kyl ene di at niggs, Al oihdapiias e ABACoCRRAI YN orcqﬁ) &hofly contain

correspondi ng agol yester pol yam de-co- pol yners,
pol yor t hoe&t Brabout )5 and mrsegpratablis va e ! gmlwap%@ﬁfatswm eEBmlesgihem

degr afl abl epraa&em NBFvént. mnyif B0 {Jﬂei&gﬁ to ulty &1@@ Righo? ropﬁcrnagslhla&mﬁhe wanegy fic
exanpl es are co c acj actjc . .

oy L6, 142EPreel 1§ b ek b B s oget 90 °C end

wat er - sol Lﬂaéfa‘atpjjoﬁ‘wmbst 5§ ecdbora 65 ﬁbl'fgmmaaiddybmea eleeatay. temperatures until the

pol yoxaet h&é! ? (0} her e
poly-acryla ﬂ&s‘ Ogﬁ)hx lﬁg(g‘}r)%xog*g%ﬁg dﬁ&ﬂ e{]n %lg f§°§lr”§ Eggﬁrﬁ;en 2 COORIF%ME 0Fel
acid and exbew0d t‘é)itbﬂuténpd@@-‘t% préfe@blf/ abopidlAto ghopid {Céminet dndmdicdsyabat or -

ani des t hecrzsfafaboupwcfmaﬁmeybﬁ&miaeén sHAk L6 SDoR’50 *ELlAG s bREV &t 2
pol y-vi nyl i m dazol e yvi nyl pyrrolidon, and natural_polyners |ike

chi t osan. tHEpeer E?éh#?’ﬁ? &enfSBIF‘“%%éP‘&l aé?ﬁ@mﬁfeefo’b#’i’e’étdtﬁﬂregwﬁlﬂﬁﬂa’aéo the
di caki um pigsnBagetaturd il G4 EsoBATIZES pdnexhlly redalid i @ QilsPenSBE whiSK sbh Bk stidfed

synt hetic 0|Is fats or fatty acid salts |ike magne3| um
stearate. §&P9%p F?"HEW%& s H’&K‘i’&?ﬂ‘ﬁg to @JERSTfEE © é‘iﬁ)thﬂ’ta@?‘it & or

neutral . Bcapmfelauy Bt St BBaCISa0! Theab@ing Akl aftét siminPhsRAtdut 1 @sboudTt Y
°C/minute and preferably about 0.3 to about 1 °C/minute. The resulting crystaliine 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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degradabl e pol yners. [0107] Exanpl es for preservatives are nethyl or
propyl parabens, sorbic acid, chlorobutanol, phenol and thinerosal.
[ 01081Exanpl es for adjuvants are fragrances. [0109] Exanples for
t hi ckeners are synthetic polyners, fatty acids and fatty acid salts
and esters and fatty al cohols. [0110] Exanpl es for anti oxidants are
vitam ns, such as vitamn A, vitamn C, vitamin D or vitamn E,
vegetabl e extracts or fish oils. [0111] Exanples for liquid carriers
are wat er, thath aduods°Cs preferadly aedtoarso*C. Diying enpbe coppleipd bickeepiny theme-dried
i quid pol yet g A
carriers are tal T Crocrystalling ce Pose silica, alumna
and the |ike. [ (048] Thé’hmammdeﬁiomm@lwfcmmﬂla@fmtaeemmﬁqlbgamo@h?qﬁe
i nvention S
O@ ogéga@% Fl;ln_ho%ﬂ& an S1AASELS, u%pasvaseaqaa o dphhfz'fn% ek

or sodiumc e conmpound o ormula IV accor Q the
i nvention plytionl Ske B’@OI‘P’éﬂ“ﬁfﬂnat"@dthﬂsbeéF?déP vesshire qiiep plymegphi '-”p%?\ﬁa"é‘ib'
whi ch di si plieRbRhi€frkd) an aqueous environment to provi de a drinldng

solution. [O0114]A syrup or elixir na con in_the co rul a
IV, sucrose or 148t os& ong cxhpdimenty fmgHer ne @“T)?fetgee“r" 38&{’?‘1‘("@[{;”

met hyl par algsreparedd)siig phadel eaulﬁuraam fobd3@s &gﬁﬂ:t)r.odumble manh@ Lk eﬁjrlcnﬁbtate

rel ease formul atio re ar ed the Q

formul a | V*5E%r Hftﬁ‘a'e{ﬂaly]fe%é‘e’l ?{vaé;ﬁ ?snso%'?n&gﬂ % 6%% aclhnqpm%] f fkeinar
controll edrefea’reeacseys:mﬂluttﬁ@m&cmtelhagmemwmmnaqme water,l3s ddmondiyatdd when
fluids in ;g A 1t i &R eg;,a@ etrkolafififsis ﬁd tOP RN &o%%&@o%daﬁ'

constant an ect| ve t he aCtI e agent I N pI asna.
The co npouﬁraclwr tifrationa Tbg wawr sraientyeay Sanse Bl @n pBgunt ¢fjabouh A peresst by weight.

pol yner rramewtmagemrmngaa@és adaaroaﬁa@ RabROIMEF B mbiea: WRAkIGHTs BkdbkA
pol ymer or a m xture of and ot| naII%/swtabIes {oact nts.

Enbeddi ng toaternvapld P33 Fﬁ) sHB‘B"rYFTeY’EMt‘h‘é‘ QP PResif eht loss s observed

M cro- part itCarfifent Rrperaficrand joef renﬁ*eyﬂ]afd&y @mm Gdsd sh 2084 eslerm B can also
formul ati ons area rou h..en ST

mi cr o- par t P8 257 %&fﬁ sl?att? 'Tge focl i erio-d Oftg Eﬁgﬁﬁv%dgg 15% ﬁjg er sv?igﬁnor
enul si on cedhilmgoftfesinmg h'@g‘i Hslfg Food B @]O‘Fhecqu@ﬂm@bﬁ@fﬂgﬂpt#@mhm pesed to f

this 'nvenﬁgﬁp} b i) SPecitfif fatldve 8% emmalme@ercam,mwpg @ less

t herapeutic e tive agents to an ani mal . Such a_conbination therapy
can be car Promamnsest thanpbeesved in fopm pandio dshatercsnos fidvung pldshgelative Burmigisnnt
whi ch can hawaoebtional ly di spersed or dissolved in a forrrul atl on.
The conpound of forrrul I t nventi on S, for ons
respectively caff’td al EBC % ﬁ‘?“é‘ffe‘?‘gﬁ"q"ﬂ p&m?ﬂ“gﬁk 15\7&«3;31 égrum 3

t her apeut i Spexgficallys tht Matay gioede fdifiediby eaten dxhibitat the fdlowiag chm&n‘stnccmaleo

provi de a conbslséha]}ld%u L ggtlogéédgé]@%?zﬂ(wg%%lﬁ\‘% %@k\g) Q%g%ﬂ?q%t he

phar maceut PR 03|

o fective tmndbhem: A58 (vaemwewm(w, B BEvoh £ el 5B fro) 1 (oY 2y BB s,

af fective g %a{oqesrﬁbodaeﬂe %ﬁ@B mﬁaeqmaa Qaﬁ faa d ﬂ@ruémpame bf x‘%ﬂﬁﬂm in
[0118] One enbodinent is a nmeth Sq%f/t e Co nd

formul a | EBOWHe2t leagt gbayt 75 ﬂa%aw ﬁ?%’tgé% o Witk e d?iﬂ’emg other
effective a@s@umheﬁﬁnst(ﬁauaz@gmﬁu&darﬁfsowm}mafaaha\:’;ph@uﬁhnsas crystalline
formse A, B and furthe e. use t.he conpound of
formula IV for ﬁ?@ﬁmn%@{hﬂ? gbrglfdéafﬂhéﬁlp nt %8¢ ﬁ edlrﬂmf“ﬁ@ Various
i nhi bi ti onpdfcesass. &cdnk winbodinght, & ispresipiadimnrseloiqt mrpplapwobyery i ag water or

serotonin E}%&h&%&g Lhadide L{)ﬁ% %m"‘&r@é%tsssh'éﬂ §tﬁ¥let%gogel ggpgang Irfﬁlc&?lle E@Q&mﬂ'ﬂ% a

nmet hod f or neur o Iat séases
neur opsyc hplaﬂhvlcﬂcmfs eldseprratigeseal 10e1§ °¢,r@¢rﬁltbﬁfeueg'r whagy eqyhbration |SlP’PQt81§1311Y at

PSychosi s, ;e ORMIE NARothe? e!ams&eﬁltee@ﬁubyaeoﬂf%apa%a,ofHmlcastam&\/fsaet ic

depression, affective disorders, dementia, anxiety, sleep-disorders,

appet i te dpusdvedemaalling fpram dror & o5 B thepsedie plbents suclas gprpRIic gyl acetate,
hypert ensi gihandVr@thethiftketdhd SEEdRaEBRtond, byl 8&RARMNHamsated T watdr, CetoritiiRNGR |

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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[ 0120] Mot her enbodi ment is a nethod for the treatnent of

neur odegener ati ve di seases, including Parkinson's disease,
Huntington's di sease, . Al zheiner's di sease, Spinocerebellar Atrophy,
Tourette's Syndrone, Friedrich's Ataxia, Machado- Joseph's disease,
Lewy Body Denentia, Dystonia, Progressive Supranuclear Palsy, and
Front ot enporal Denmentia by adm nistering a conmpound of Fornmula W
[0121] Mot her enbodi nent is a nethod for treating dyskinesia

associ at edmpiphdvs deteaaipfibe gergpotuiienf &qoywla bst tagbatiamies ofdrth AlguedSCOMptanally of
Formul a | I kS, @ lf@e i

dystoni a, \{mn%%c %@d%ﬁ?fgﬁgﬁgg}eﬁg%& ?s;at e whgtﬁ%d%p%#%ga%ﬁo%g%%% %’py,
by admi ni stabienig!vants eisplatpiie ofthyt epatats, acsiapitrile, methyletnylieme, Mvhestate or
embodi mentierisry-Buryitdidthel Ohtutake@ aliiN Gatdr, bh QAR hCERB0kdnkRithe! NG NY
nyocardi al infarction, thronbotic or ischem c stroke, idiopathic and
t hr ombot i PCHY B#Bocyt openi ¢ purpura, peripheral vascul ar di sease, and
Raynaud' s di se@e®r] byl &ehgioBicple® Hangyshl G0 GOM taf helPfafBatedrddietion can

[ 0124] Mot her_.enbodi nent. i s a nethod aof treatjng addiction,. including
al cohol addi't |t°o?ﬂmeo°|5{g51i aresty E@W?{ﬁh ?%aﬂnﬁi%t“ﬁ*?’ﬂ&“%mncweah? r'}ﬁﬁ/g“s
adm ni st emplmgorph & oriteun tiydrite Raranaslvatel This crikQIRS doNd d lieatinaferheferedwids | S
a net hod <thik: i 0 j i_bi Lacul at.orv. probl by
admi ni st er%:;yn%ﬁugea%%r[nk%o nsgaq%{ﬁqﬁ%fcnu a ef%.p Q%gﬁbfph%oﬁﬁ mehrf%fa)‘ﬁ%rﬁ% §TySt§HnBe

Pr ocedur edomp 6 ppB] weftnehdy with eddjtiomiof seeding drystels(0PSORDY: Crpstineders: (iemosr med
on a Phi | igRanokyfnhRicRRMAE chelnibaly sEbib taR SirARIPE. ESiiiheFHHHAC LA &N -
d-spaci ngs were cal culated fromthe 26 val ues using the wavel ength of
1. 54060 AleST¥atihan fogm Ao dVales phramtionet éb°b\ﬁ9§%ifﬂafaﬁh@?l¢grls Gy agout 1%@gndno The
e>r<]per i rrEn}daiquemw or%gr??&aﬁ]'{tﬁ Ws&gcd?/ahﬂa@oéﬁﬁ&o tl-lhl:ﬁfdﬂj_? abes ndeﬁ%iggﬂ At on
t he pea cati.an. erenti cannj n r.imetr ;

Por ki &1 SRR RS Fo G Am Cacihgls Mrredi e Palghn nep pben
char act er icerddinepmdcibesinotr ahsédrbamatkr sipwl abaht G & Thernogiivithdih anally<ixt esnls in a

hum dity char i adh | feo fopr f] e ] Al l
mel ting pg‘?{%{!?slg_é\%eo?%%tog?{\ggl%ﬁg Pn tehgh%eg ?ce%rt%glrﬁé‘fhcr %’s%oq%e%qt’aﬂ&énfggc
measur enefvestigation Wiy DI atp watiatrate of 29EE shows exendothermic sipm] 2L Rérean
Spect r 0S¢ eNapyRi MlsRh oRESEO D20 M TYAGADR 4tiBhie@XEint AR peckPRmpMiblaser
power , Ge_r_‘%%t e%ﬂgr, 64 scagg r@rslr%g 25-3500 cml, 2 cnl  resol ution.

[ 0129] TG PHERY S5 Af5ARASIRPR 9E e FOSTRE S RPERERISVIIP &CSARPIIE Pt gutallifet h a
Net zsch Tliiemnon ber o ey hiph eCry a1 A3 Jore 0T 3| hegtlytstitable By nkaetive cbifpound in the

Spect r onet Vect or ., 22 npl ans with pinhole, nitrogen
at nospher én,%uﬁaécglrl?%aéﬁ%a glsa%jl&frﬁnmgsj [ 0130] HPLC. HPLC measurenents were
carried out w3k HAheCL890MwdEodiffrrtioBypattapt pfyfo@l &, is RePet&i0in ritgure 4.
Exanpl el: BpLpah t'é)ﬂ-dé] der diffracti ibi ing characteristi
N-(4-fl uor%benzgfq]- N- 1P?r%te|5|vf ?cpg} Fﬂtlerr?%hl\?lﬁ t-hmtﬂl-o g characteristic peaks
expressed in d-values CA): 12.0 (w), 10.7 (vs), 7.4 (vw), 6.9 (vw), 6.6 (vw), 6.2 (W), 5.86 (m),
5.53 (W), 5.28 (m), 5.1 6 (m), 4.84 (vs), 4,70 (m), 4.57 (s), 4.38 (m), 4.09 (), 3.94 (w), 3.77 (s),
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 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 arxrorphous forms.

[6074) In on¢ 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 founad 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 controlled
manner, when crystalline forms A or B are equilibrated in suspension in the presence of a polar
end 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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met hvl pronyl oxy) nhenvl net hyl | carbam de a) Preparation of ( \N CH
CHF- 1N /3 [0131] Tri acet oxy borohydride (6.5 kg) was added over 1.5
h to a solution of N nethyl piperid-4-one (3.17 kg) and

4-fl uorobenzyl am ne (3.50 kg) in nmethanol (30 L) maintaining the
tenperature under 27 C. The reaction mxture was stirred for 15 h at
22 C. The residual am ne was checked by gel chromatography

(4-fl uorobenzyl am ne: < 5?‘. A sol ution of 30% sodi um hydroxjde (12.1
kg) in watcerpomdbofdormyle Tvia Theqlifbin the suspenpiphpescave FRAls FEt HPHICHiSHG ™ he
t enper at ung Wpeer 1 #bsut 20 IREIraNRS t611 0Bt yind, hBGh 0df belfteRd bEStacheand
volune of 26 litres, Ethyl acetate was addegoct()% L}l, t he,sol %Llion was
stirred fdliednde Hodegajgero fé%l§§'gvxe§’é mslapsErat &8 U AU %hﬁﬁ hd=

I O\C/iver gqumaﬂ'{@&fe dvREdcstion i el fabite wtalg 6o tha s@venas selvaat mixtuedisadneter
reduce ressure fr t he ni ¢ pbhase at 73-127 C. At this stage
the resid ecﬁfig‘gﬁex@g%mﬂ:ﬁb%%g%%rf dEc)nrgﬁ%gta]fiatch prepar ed accor di nggto
this nmethod. T[#e75% onbDmeadetipddatiibt prepeation tofi emystallingt foin) € omprisgsForming®r C /
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stirring the suspension, optionally adding crystal seeds of form C, until substantial complete

conversion in pure form C.

[0076] The temperature of the process may be from 20 to 100 °C and preferably 40
to 80 °C. Suitable solvents for conversion to form C may be selected from the group comprising
aliphatic or cyclic ethers, carboxylic esters, lactones, alkanes and aliphatic Cy-Cyketones. Seeding
with crystals of form C is preferebly carried out when the solid form is in part dissolved and a
saturated solution is formed in which the solid form is suspended. Seeding is carried out prefe-
rably in a temperature range from 40 to 80 °C and more preferably from 55 to 65 °C. Stirring
time of the suspension may be from 30 minutes to days, and most preferably from 30 minutes to 6
hours. The suspension is slowly cooled before isolation of the solid by filtration or centrifugation
and the cooling rate may be from 0.1 to 1 °C/minute. Cooling may be carried out to an end
temperature near room temperature or below.

[0077} One embodiment 1is a process for the preparation of crystalline form C of N-
(4-fluorobenzyl)-N-(1-methylpiperidira-4-yI)-N’~(4-(2-methylpropyloxy)phenylmethyl)carbamide
tartrate of formula IV, comprising:

a) suspending the amorphous form 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;

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

d) cooling to the process end temperature;

e) isolating of the crystalline selid 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 tesidual solvents (e.g., alcohols, water, or mixtures thereof) which are

detrimental to the formation of form. C. Suitable solvents for crystallization of form C may be
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[ 0132] 4- Hydr oxybenzal dehyde (4.0 kg) and ethanol (20 L) were added to
a solution of isobutyl bromde (9.0 kg) in ethanol (15 L). Potassium
carbonate (13.6 kg) was added and the suspension was refiuxed (74-78
C) for 5 days. The residual 4- hydroxybenzal dehyde was checked by
HPLC (< 10% . The suspension was cooled to 20 C and used in the next
step. c) Preparation of H2 HO "ON C0 1-13C N- OH

[ 0133] Hydr oxyl am ne (50%in water, 8.7 kg) was added to the product

f r om pr evisgleiedsdh ﬂls)gmclamnmlﬁnaweﬂwyrb@wgc etFrariaftones and gliphatig deetones.
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checked by : € suspensi on was. Co 0 , filte n
the filter B Hhks Y‘Qﬁ’ft'fﬁ‘" éB‘Pﬁlaar‘fffi"‘e»(@ll“’w?ﬂ%fﬁ‘&t%| S5pisn ety et
concent r atkeidneb ilosti padfariell adlveaturdikecbaes ané ekpepdly predfared iemethyl 3thyCietode and

resi dual vQl f 67 litters. The.soluti.on was cooled to 25 nd
vater (110 eiointin, Bl oyl Sucol I ni A b 2R R By el
di stil | at inmferigln demot @idfcat erd tigragwen isehatn BEh t@ttloe Mspeasonchambe stipkdiatheof

102111 et Phlon8 F81cch 0.9 L5 hORad I ailschand he

m xture waS heated to ref _ e sofution was to 40 C
and crystal | i zH0T%n wHrs temperatugetip stens\p) arsey) imay rangh somyd e A% PGt wrysbe

cool ed t 0 a@vaftagdBifd t64phly iherhitle b%b&n&%%b@%‘fgﬁ?w%?n&?aﬂiésj mgﬁ%ﬁ&d t
- racti on, e we
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Pr epar at i e a@ioundaf drfswaide fdafs/ Adand/or B. The addition of cxystal seeds is in general preferred
in order to accelerate the transformation of the crystalline forms,

j0080] Stirring in step c) may be continued for hours to days, for example, 0.5 hours
to 3 days and preferably 2 hours to about 2 days. The transformation/conversion time
substantially depends on the scale, the temperature, the solvent used, agitating intensity, and the
amount of crystal seeds added to the suspension. The conversion time may be controlled by
monitoring the ratio of the disappearing form and the produced form C either by on-line process
analytics, or by recovering and analyzing samples off-line.

[0081] Isolation of the crystalline solid can be carried out by cenirifugation or
filtration. The product may be washed for example with a solvent and then dried over dry inert
gas which can be pulled through the filter cake optionally under vacuum or applying vacuum for
a time sufficient to remove the solvents. Further drying, eithex under vacuum and/or at moderate
temperatures up to about 80°C can be applied. It can be noted that form C exhibits excellent
properties in terms of filtration and drying and a solid material is obtained that is egsentially frec
of residual solvent; i.e., with less than 1000 ppm, preferably less than 200 ppm.

[0082} 1t was surprisingly found that crystalline form C can also be prepared by
crystallization from a solution of the compound of formula IV 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 froxm 0 to 70 °C;

b) continuing stirring and adding crystal seeds of crystalline form 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;
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CH -NH2 [01341The product from previous step c) (15.7 kg) was
di ssolved in ethanol (123 L). Acetic acid (8.2 kg) and pal |l adi um on
charcoal 5% wet (1.1 kg) were added. The oxi ne was hydrogenated at 22
C and 1.5 bar for 4h. Consunption of oxine was checked by HPLC. The
catal yst was filtered and the solvent was distilled under reduced
pressure at 36 Cto a final volunme of 31 L. Ethyl acetate (63 L) was
added and the m xture was heated to reflux.. (7 ) outlon
The sol uti on‘%mé%"ﬁ% § Qhipingg sugpension AL acopling ager‘ifé (toﬁ Efﬁr;ho'(?)'htov\gd A% at ed
by seedi ng. Thenpetsiensd pefersttsto 6@ds5ed; to 6-10 C and stirred for 2. 5h.
The product s centrifu washed with 2 portions
of et hyl acevya sl nftheGHS%I?T?%F%M}}E”IU%CHSE}Q%\?\%S dried at a tenperature
of about 40 {T moyaﬂew«ash&gh]gitbmﬁ%ngﬂe)nymlwaplaﬂt| on of H2 HC COCH NCO
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and it is concluded that the hemi-solvate has formed. The hemi-solvate with iso-propamnol is
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shown in Figure 1 and the characteristic peaks in 2 theta with the
correspondi ng 11-spacing values in A are given in Table 1. Raman
spectroscopy also indicated a crystalline sanple. No Ranman peaks from
tartaric acid were found. TG 1. 111k reveal ed a mass | oss of about

0. 4% bet ween 60C and 150C, believed to be caused by the |iberation of
TBME. Above about 190C, the sanple started to deconpose. DSC (-50C to
210C, 10C/rain) revealed a nelting endothermat 124C. Table 1

d- Spaci ngs s whdh ¥adoatd td Dedredtivethtuaiinbia sedped\t@taiiel] 20]s riimSPRRinEErdiAl
Intensity %ual i tat ifve 6.8 13.0 vs 8.1 10.9 vs 13.0 6.8 vw 13.7 6.5
s 14.4 6.2 Q75 ‘2“’8)9'19. 1

[0087] The X-ray powder diffraction pattern of form D is depicted in Figure 5.
Specifically the X-ray powder diffraction pattern exhibits the following characteristic peaks
expressed in d-values (A): 17.2 (s), 16.0 (m), 10.7 (vw), 9.8 (w), 6.6 (m), 6.1 {s), 6.00 (m), 5.73
(w), 5.33 (W), 5.17 (m), 4.91 (m), 4.64 (5), 4.54 (vs), 4.37 (vs), 4.10 {m), 3.91 (m), 3.84 (m), 3.67,
{w), 3.55 (m), 3.42 (m), 3.32 (w), 3.13 (w), and 3.06 (m). In various embodiments, form D is
present in a solid form of the compound of formula IV in amounts of at least about 50%, 70%,
80%, 90%, 95%, or 38%, with the remainder being other crystalline forms (including hydrates
and solvates) and/or amorphous forms.

[0088] It was further found that a t-butyl methyl ether (TBME) solvafe may be
formed, when the amorphous form of the compound of formula IV is subjected to phase
equilibration in TBME at ambient temperature, The content of TBME is about 5% by weight
relative to the compound of formula IV, measured by thermogravimetry at 10 °C heating rate.
This form is herein referred to as crystalline form E.

{0089] The X-ray powder diffraction pattern of form E is depicted in Figure 6.
Specifically the X-ray powder diffraction pattern exhibits the following characteristic peaks
expressed in d-values (8): 17.3 (vs), 16.2 (m), 10.6 (m), 9.8 (m), 8.1 (W), 7.5 (W), 6.6 (m), 6.0
(vs), 5.28 (m), 5.09 (s), 4.90 (m), 4.72 (vs), 4.51 (m), 4.39 (s), 4.26 (s), 4.04 (m), 3.86 (w), 3.70
{w), 3.54 (m), 3.48 (m), 3.02 (w). In various embodiments, form E js 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.

[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 forrmula 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.

[0691] The X-ray powder diffraction pattern of form F is depicted in Figure 7.
Specifically the X-ray powder diffraction paftern exhibits the following characteristic peaks
expressed in d-values (A): 19.0 (w), 16.0 (m), 13.0 (m), 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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4.7 m19.7 4.5 w 20.8 4.3 s 21.0 4.22 vs 22.2 4.00 m25.2 3.53 vw
26.2 3.40 vw 27.1 328 w 27.5 3.24

Stability and Pharmaceutical Formulations
[6092] As mentioned above, the compound of formula IV is especially suitable as an

active compound or pro-drug in pharmaceutical formulations to inhibit an activity of a
monoarmnine receptor, preferably a serotonin receptor of the 5-HT2A subclass. The compound of
formula IV has very good solubility in aqueous systems and the free base is deliberated at
physiological pH ranges, providing a high bioavailability. The compound of formula IV also
possesses high storage stability.

[0093] It was found that crystal form C is the most stable form of all found crystal
forms. It was also found that crystal forms A and B are stable at ambient temperatures, stable in
the presence of form C, and capable of coexisting with erystal form C. Crystal forms A, B and
especially C are suitable for various types and a broad range of formulations, even in presence of
humid components, These new crystal forms A, B and especially C present some advantages for
manufacture, good handling due to convenient crystal size and morphology, very good stability
under production conditions of various types of formulation, storage stability, high solubility, and
high bio-availability. Crystal forms D, E and F may also be used for pharmaceutical
formulations.

[0094] Form C is chemically very stable and can easily be formulated into tablets or
any other pharmaceutically acceptable dosage form. Despite its high thermal stability it still
exhibits favourable solubility properties as its aqueous solubility is greater than about 50 to 100
mg/ml. Forms A, B, D, E, and F exhibit high aqueous solubility of greater than 200 mg/ml. The
solubility of all forms will depend on the pH in agueous environments.

[0095] Forms A and B exhibit sufficient stability under ambient water partial
pressures (i.e. at relative humidities between 20% and 75%). Furthermore, forms A and B are
very suitable for pharmaceutical processing in aqueous environments; for instance, for
granulation with water or with solvent-water mixtures.

[0096]  Accordingly, some embodiments include pharmaceutical compositions
comprising the compound of formula IV and a pharmaceutically acceptable carrier or dilvent. In
some embodiments, 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 duringvad:ministration 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 froches, or liquid formulations such 4s 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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w27.9 3.19 w29.0 3.08 w30.7 2.91 33.0 2.72 w [0140] Appr oxi mat e
solubility of the free base was determ ned at roomtenperature for 11
solvents as listed in Table 2. Table 2: Approximte solubility of the
crystalline free base of formula 1 in various solvents Sol vent
Solubility (ng/ml) acetone 100 ethanol 260 ethyl acetate <30

solid food. Liquids also encompass solutions of the compound of formula IV for parenteral
applications such as infusion or injection,

[0098] The crystal forms described above may be directly used as powder (e.g.,
micronized particles), granules, suspensions or solutions, or they may be combined together with
other pharmaceutically acceptable ingredients in admixing the components and optionally finely
divide them, and then filling capsules, composed for example from hard or soft gelatine,
compressing tablets, pills or troches, or suspending or dissolving them in carriers for suspensions,
elixirs and syrups. Coatings may be applied after compression to form pills.

[0099] Pharmaceutically acceptable ingredients are well kitown for the various types
of formulations and may be for example binders such as natural or synthetic polymers, excipients,
lubricants, surfactants, sweetening and flavouring agents, coating materials, preservatives, dyes,
thickeners, adjuvants, antimicrobial agents, antioxidants and carriers for the various formulation
types.

[0160] Examples for binders are gum iragacanth, acacia, starch, gelatine, and
biological degradable polymers such as homo- or co-polyesters of dicarboxylic acids, alkylene
glycols, polyalkylene glycols and/or aliphatic hydroxyl carboxylic acids; homo- or co-polyamides
of dicarboxylic acids, alkylene diamines, and/or aliphatic amino carboxylic acids; corresponding
polyester-polyamide-co-polymers, polyanhydrides, polyorthoesters, polyphosphazene and
polycarbonates. The biological degradable polymers may be linear, branched or crosslinked. Spe-
cific examples are poly-glycolic acid, polyactic acid, and poly-d,l-lactide/glycolide. Other
examples for polymers are water-soluble polymers such as polyoxaalkylenes (e.g., polyoxaethy-
lene, polyoxapropylene and mixed polymers thereof), poly-acrylamides and hydroxylalkylated
polyacrylamides, poly-maleic acid and esters or -amides thereof, poly-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, waxes, or fatty acid
salts like ragnesium 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 1-octanoylaminoethane-2-sulfonic acid, 1-decanoylarminoethane-2-
sulfonic acid, 1-dodecanoylaminoethane-2-sulfonic acid, 1-tetradecanoylaminoethane-2-sulfonic
acid, Il-hexadecanoylaminoethane-2-sulfonic acid, and 1-octadecanoylaminoethane-2-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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i sopropanol 100 tetrahydrofuran > 250 acetonitrile < 50

di chl oronet hane > 500 1, 4-di oxane 140 net hanol 170 tol uene <70 water
<4 Exanple 3: Preparation of the hem -tartrate of formula IV from
the solution obtained in Exanple | (f) a) Crude product salt
formati on [0141] To the solution of the conpound of Fornula | in

i sopropyl acetate (96 L) according to Exanple 1(f) was added at 23 C
a previously prepared solution of tartaric acid (1.7 kg) in water
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stirred at thlf}? H%_%ffor £ ﬁ{l‘ J&“gfﬁ‘ .C. Af cJtadl,hat
this tenperat uff13he Hheghimmpectisal ?:rg’ﬁ RETEEeah M%nﬁgbmﬁat R °PRS"
portions diotoﬁtcta@ﬂ@Jsuc(thﬁlgir) bufferd oo baaliurarhlord®. kg of not her |iquors vvere

df I i
?ﬁlgd a'?rabgfj'? %ﬁc for m%l A nog é’m'l%]é 1?1%"@’555 E]%Im e(l})lﬁ% I Sg@;tl on

f r om not hdfermulatyd ey g‘.‘fcrvesccnt tab]et or powdcr which disintegrates in an aqueous emnronment 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 agent
in contact with the body fluids in the gastro intestinal tract, and to provide a substantial constant
and effective leve] of the ectivc 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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[ 0143] Addi ti onal product was obtained fromthe saved nother |iquors
as follows. The solvent was renoved by distillation under reduced
pressure at 24-26 C froma soktion of the crude tartrate nother
liquors (107 kg) fromstep a) and the Formula I-tartrate another
liquors (42 kg) fromstep b) to a residual volune of 27 L.

Dem neralized water (25 L) was added and the m xture was concentrat ed
to a residual volume of 32 L by distillation under reduced pressure
at 24-26 C. 1sopipy! peeldbsni3d btm@)dy300Rdueems, Siodidmdudrgxi de
(2.7 kg) were added. The pH was checked (>12) and the sol ution was
stirred fofdmimstering 2 comlinaign gf theapenicscigeiva At o ietnimab Sipha sempinain
aqueous lphﬂlSIQp)M@@ Eegpaﬁ:ﬁe@taﬂ.ip Tikwgy lauqu@a@wﬁe [ﬁhﬁ&(etéﬁkfﬁﬁuﬁceag@ﬂ’ttﬁlﬁ&i e wth
i sopropyl agcet ate : m, ner.al i,zed wat nd_sodi .
chior Lo ( BEGORYY dibeukin GRS it hdEORTn e sPgRn et Vbt i

sol uti on wasenSén e fdrmnlatichs respactivelg carticaatho @itainistdrad fill cdmbiAglioh Méth atjereous
phase was gdiscarde arcal. (0.3 k ..added...the m xtu was
BT red 1 ot o F B Ok 4 e SRLO Rl Sifpie Pt
acetate (8 L), [0H& solThemtystsldemrasdti gbariscewica tebhpositiors Wesgrilebd hereie digc ed
pressure abiid0sdmidol Gretrive Golndiibs @b Rial adesds i €ss.
Hept ane (Zéyéfs Was1 aoledtaedlat .430_ C nt hfﬁﬁrry&‘%@smgggk ge %h8&26gg&wa}nd
stirred fofisordess, gementigeneproppicreingadhypaisnsionf uged and the cake was

vva?] hedI vvl(t2 g E)enonaﬁS( %)ﬁézﬁqﬂodf&h_ﬁs H\Qie'%h&ﬁ&ﬁlefiﬁ;iﬁg tkgaog)ﬁa%dgg fosAllyEM al N
et hano at, . . A solution of tartaric I : i

et hanol ( 77%b By Riiz/Ee 2iudese t°4‘ge Rost i §ipqEe o ‘\?&“s‘ °\’/¥§’£H‘E‘o"f§%ﬂ}ﬂ‘a v,

et hanol ( 6sutl) as chyseallme fatink AN Bwad CStA hile embodiddt [ithe (se bF Sk abhpoat dfon
of the progduc d.the slurry.was.cool ed . 10 30. mn,. .sti.rred
at this tefr‘i%ﬁ’é“trl%{‘ﬁg’é opeoftactics o, ¥ RRdietient %Se"f*@‘“é’.?e ‘%’f‘t"g‘r’“ o

t enper at ur wonobraingueesHes preferbly e esrotonif weppir efitie SiERAedbclabst h t wo porti ons

of ethanol (2x . T i
giving 3.3 kg _i)}?ﬁ%olr odEjg‘F Wo&%&?&%{‘%%ﬂm@#ﬂoﬁ%g ﬁgaﬂgﬁf ‘géﬁe;\l}%gﬂlé g%&;é?,

crystal | i nisclddingofie nsprapsyetiators diseaiss SelpqtedeTpm dhe Slour) conyistingr ek ayyehesiyf

anor phous  eREdphrefif)dschidseffedtivy dbrd&riBlnknif NRYAbIE Bdpre6dions tadibdiivd) Qisb@én C.
PXRD reveal s that the solid groduct cogt ai.ns shllbs anti 1{:}I |y
crystal lin mFW’rﬁnﬂe fslfi\elp (dﬁgrd rs, appetite disorders, bipolar disorder, psychosis’secondary to

f | uor obenzhyhdrteddidn,l migediney visbypet, dhdischewnib) mbdkor (ids; (r2morepdgytiopwiopyibwixy ) phe
nyl met hyl) . 1 Qgg} tar . for tglline formA
cont ai ns sbé%gmm%@eagggs e%%%%@ﬂﬁ&#&a cg}llj (}%é%éfg%ﬁ% 1.ﬁ'eat in
t her nogr avi net 1#180lanalkpethes epip@imint fshe metheskfor gfe tRatmoptanf meirbdegeeiative
vat er and fsesfB! lincREME NParBhsoR@! URALE) - HIHABID UbkealeN dAGRLRS st RiRLase,
crystalline form A was a herd-hydrate (theoretical value of water
content 1. ¥npcerehelize GpEpPPhy WEpEstte pamdgpe. Friglrich’s phagia Merhador fpsephis liseasiai ght
| 0SS st ar tIewly Bty BdRyE, DRfdne) Profr&SPe SiptadiiciearPulby WA FRAIIRINEIA DRmerdiBOUt
150 C. Theb N t%_’stegtgnacgl socl)mga}.%illnx{a% renoved by treatnment with dry
nitrogen O e ongfer TPHE ?aBou Up to 20 hours). The nelting point
of the dehydr af@ailf or Angthenambediromt is13 Beth@HfoCredting) dpskinesiat dssvicipted eiith
fusi on of I 8aK; ed by DS. Form A
&gﬁﬁa&g@é p\‘%la l{yl% s&&{t i g&e% o‘dﬂo%fp&%ﬁ%%.

shows a consi dera er ul? ake when exposed to humi dity above 75%
rel ative huni dil§1§2l Thénetear embagizsnigs amethadffer tygpting dysieniarmsioglonug.er Wemer di t y
vas decr eas@eliatt@wittidpaietrdiOf Sapy, 1y 8mikieldhs 1 CbthpotRor PR 2y, for a

del i quescent solid. [01451Approximate solubility was neasured by
preparation of [&Hur atsethes Fmbpdimes it 3 Pethqdofps te@ing o fgorghqe condition
gravi met r iigehaigigeinyocaahl Bfhrdibn, dinssbitd e st anee, afidpahic Ak MRBhbotic

renoval . The results are given in Table 3. abl e, 3; r oxi.mat e

ol o 1§ ¢y BEbEREet g psie Henh R R S B 5ot R PN0E vent
Sol ubi I'i t ya compound of FérrddadVoxane -2 2- propanol -1 acetone -2
acetone/vater hyd) >200ndGEhRHLS k' Crotfod bl $ARL WBHIZ NS 10ding Alcohol

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

27



>200 ethanol > 10 ethyl acetate < 1 2-propanol/water (9:1) <1

met hanol > 100 net hyl ethyl ketone < 1 t-butyl nethyl ether < 1
tetrahydrofuran >5 toluene <1 water > 300 Exanple 4: Preparation of
the hem -tartrate of formula N fromcrude free base of formula

[0146] Crude product from Exanple I(f) (5.5 kg) was dissolved at 45 C
in ethanol (28 L). A solution of ()-L-tartaric acid (032 kg) I n

et hanol was added at 45 C and_the |ine was washed with 9 L

et hanol . The solllA5l on {wgsher sebedimenh ing method Pl eraiizq® etrrrse Ffé libico o

her ni -t ar t e@dfatdd¥ proMEBHyAdhidisteri} cohpbifidofBRsmubMen cool ed to 35 C over
30 min, stirred at this tenperature for 1 hour and cool ed under
stlrrlng to -5 C. After 14 hours stifling at this tenperature, the
product was centrifuged and washed BRAMPLES portions of ethanol (2 x 6

L). The we ce%kgnta rchlrl ed at 45 C for 76 hours yielding 4.0 kg of
pr oduct (8§%s—\ég—vn'gf—artarl c acid). PXRD of the product reveal ed
t hat pol ynor ph 126hs fmmmwmu@mmpameﬁmedtm%ﬂms 1710
hem - tart ' ahadaxla f&{fﬁ?mog gggs%@ﬁgb,?@ fif d.%gi(,gggwaé calculated froml He-49']

Crude pr odtct atc | ssol ved at 45
C i n et hanekluss 28ng the mvmgihtof 64066 A( @9116@11!, 2P tvalvds ovepgowithin &1 @8r ffgh0-1i n
et hanol 28 G Ed. foll lidgerert oRfthe peak
et hanol . Tlﬁl'e 'gﬁ’fe' on%l\?t\%ls ng’ ?’Irltrt%d or 0 m n ?‘or At |é(f)s?1 of sol e| I()je
preci pi t at ératignd the slurry was cooled to 35 C over 30 min. The

S|5uE r yA}N?S sti rﬁ?ﬁh at  HifleRnitL RBAA; ‘@!él@qu&ﬁr (bshp%rmnglrﬁeh@sccmi géld t 0
- er

ours Stll’l’ln at t tenm [at r %‘?21\6
centrif ugeﬁ““’éPP’FcPaU\/afg‘H%Hn% ‘E‘F°g2“ f%Plta{aﬁ g #&Pd s(eﬁle‘f““ﬁe 390“? BTs
cake was drati@ohumidity for characterization of form B. Heatmg rate 10 K/min. All melting points were
obtzined from the peak temperatures of the DSC measurements, rather than onset temperatures.
[0128] FT-Raman Spectroscopy: Bruker RFS100. Nd:YAG 1064 nm excitation, 100

mW laser power, Ge-detector, 64 scans, range 25-3500 cm™, 2 cm™ resolution.

[0129] TG-FTIR: Thermogravimetric measurements were carried out with a Netzsch
Thermo-Microbalance TG 209 coupled to 2 Bruker FTIR Spectrometer Vector 22 (sample pans
with pinhole, nitrogen atmosphere, heating rate 10K/min).

[0130] HPLC: HPLC measurements were carried out with a HP LC1090M, Colunmn
Symmetry C18, 3.0-150 mm.

Example 1:  Preparation of  N-(4-fluorobenzy)-N-{1-methylpiperidin-4-yl}-N’-(4~(2-
methylpropyloxy)phenylmethylcarbamide

a) Preparation of
g S

[0131] Triacetoxy borohydride (6.5 kg) was added over 1.5 h to a solution of N-
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 135

min and the lower aqueous phase was discarded. Ethyl acetate was distilled under reduced
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at 45 C for 80 hours yielding 3.3 kg of product (85% based on
tartaric acid). PXRD of the product reveal ed that pol ynorph A was
formed. Exanple 6: Preparation of anorphous form of conpound of
formula IV through | yophilization of agueous solution [0148]2.02 g of
crude free base of formula | was dissolved at roomtenperature in 8.0
m water (Fluka no 95306) at 232 C. The obtained sol uti on was
filtered through 22 timmllipore filtration unit, and the
filtered SOFSHS B?i“vxﬁ% OFeABif) £hase :ﬂb?ﬁo 124t°6- At Wosiaer theotspigtiegyas Jeixqd) widha
The cljear bgaeﬂnatcruaa babh § I.ﬁ?cel'hc?dlﬂdlﬂg fbeﬂiusﬁﬁetlﬁﬁyﬁ&ﬁm(bﬁﬁd Fﬁdnﬁfaz\)erathen 78
C, and su u ass t t zen sol ution was
connect ed ‘f‘gﬂ def‘w% ‘f" ég if&ﬁﬁﬁ?h r"“’t"%g’gzgé%Rl ST, BETA 2-8 LD 2.
The initial pressure of was about 0.10 nbar, and the cold trap

t enper at ury Pﬁgﬁa 2¢C, and the end pressure was 0.007 nbar. After
about 15 hour e Iyophlllzatlon was conplete and the flask was

di sconnected. The obt ai ned te dhlid powder characteri zed by
differential scanning cal ori Renr y-And pofdex X-#ay diffraction. PXRD
for the obtained product shows/ﬁhe o anf( phous state, and

| i kewi se DSC measurenment reViéals a conpl el y ambrphous conpound with

I t t bout
3151 C " Exampl ¢ 192 by cpapuErReRRbg (L P SR E) ) Ao o
re- cryst alsohatof snbftdbidiided(9.0Fg)gn ethanbl (&5 Jr Ruchsedhim dartonatdil ifrjod) evabaddeds
suspended g Sghyﬁeﬁmﬁﬁ h@gglreﬁg 311%8 TJE%‘ ‘M}' tse d%%s : ST A% ,\_(@54_

heat ed under irring over e SO utlon
was cl ear W@*ﬂwewehﬂh@a%@tﬂﬂ W%(‘épme %'@Rﬂl%@!l vean dooleddo Predutt
started tQggiyal likge at about 48 C. Cooling from48 Cto 15 C was
performed over 4 h. e suspension was stirred for 1.5 h at 15 C
Thereafter, a thick suspension was forned. The precipitate was
filtered uppeparidg&wfim washed twice with 70 nl absol ute ethanol and
then dried in vacuumat 40 C. The, dry weight was 135.2 g (95%yield).
[0150] Thi s product was agahfe susQ;énded pader S'NI-O‘H’I ng in 850 m
absol ute et hanol and heated’ over m_ 754€. The dissol ution was
conpl ete and the sol ution yas Bubstant col ourless from58-60 C
The solution was filtered at 75 C, the Tine wa¥ washed with 50 m
absol ute et hanfohss]and HyiRxaahitd | m% Wewaidrnen 1@1 W@yEfhed @& 0 Prodkid HRim

stirring. stal li.zation Initia roduct crystalllzed
oot e e NG o i e b B e g P (SRR b
suspensi o mm&eabbﬂmﬂ dzai checl@d by BYBT (<6%) MThels@spéndionwhssopied @ BTG flterbie
suspensi on il t ed tw ce 0.m.. ..
absol ute eaf‘ﬁ\q@l% fer ¥ ‘{e anﬁmopsag’qprocf OMAS ¢ rc?neath‘(i)\g F{%&mﬂl
under vacuudnrwﬂumié p@SSﬂTm 30/ Py toveicgidual whmelJQS? lﬂtcg Tlﬁmuylmeww)cooled to

[ 0151] The 2¥-paYs RANIT 1odL)f\LJsadﬁaed0@heos%§ﬁeﬁsaaa W SRk ﬁsy Eis&h%&z adand
t he characteristic peaks in heta wi'th the correspondi ngﬁqu aC| ng

val ues i n ugid@regpre pt WOﬁCT‘aﬂeéld‘lﬂl V°1"F%Pd-lfé°241me’iﬂ Patralethsy €S0P 6L)
crystal | i R@s hdieda B midhee G HRa r&fux fraray irhe éo\ﬁn&n@hsesoblwﬂu 40 °c and

gj_ OS pag | ngs I}Lé]lma{lgrtl %rg 'in%%te& C!,l}?l %&leédltngtllh\é %.)lspenswn \]ﬁas cooled to 53°C1 and stm'ea for 4Z
The product wwas 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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10.8 8.2 in 11.5 7.7 w12.0 7.4 w 13.6 6.5 w 14.3 6.2 m14.6 6.1 vs
15.1 5.86 w17.2 5.14 m17.6

{0134] The product from previous step c) (15.7 kg) was dissolved in ethanol
(123 L). Acetic acid (8.2 kg) and palladium on charcoal 5% wet (1.1 kg) were added. The oxime
was hydrogenated at 22 °C and 1.5 bar for 4h. Consumption of oxime was checked by HPLC.
The catalyst was filtered and the solvent was distilled under reduced pressure at 36 °C to a final
volume of 31 L. Eihyl acetate (63 L) was added and the mixture was heated to reflux (75 °C)
unti] dissolution. 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 product was centrifiged
and the cake was washed with 2 portions of ethyl acetate (2 x 0.8 L). The wet cake was dried at 2
temperature of about 40 °C to yield 8 kg (41%). '

H2
HSC\ /C\
&~ o CHy—NCO
H,c” H

[0135]) Aqueous sodiurn hydroxide (30%, 5.0 kg) was added to a suspension of the
product from previous step d) (7.9 kg) in heptane (41 L). The solution was heated to 47 °C,
stirred for 15 min and decanted owver 15 min. The pH was checked (pH>12) and the aqueous

¢) Preparation of

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 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 1). 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 conirolled. 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 distilled under reduced pressure at 20-25 °C to a residual
volume of 40 L. Tetrahydrofiran (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 tetrahydrofuran (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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5.03 mM18.6 4.78 m18.9 4.69 m19.1 4.63 s 19.8 4.49 s 20.0 4.44 vs
20.4 4.35 m21.6 4.10 in 22.4 3.96

CH,
CH,

o _CH—CH,

M
/
\/ \C

[0136] The product from previous stepp e) (51 L) was added in 1 h to a solution
of the product from step a) (7.3 kg) in tetrahydrofiaran (132 L) at 17 °C. The line was washed
with tetrahydrofuran (12 L) and the mixture was stixred for 15h. Residual product from the first
step was checked by HPLC. The solvent was remowved by distillation under reduced pressure at
20-38 °C to a residual volume of 165 L. Charcoal (INorit SX1-G, 0.7 kg) was added, the mixture
was stirred for 15 min and filtered. The line was washed with tetrahydrofuran (7 L) and the
solvent was removed by distillation under reduced pressure at 20-25 °C to 2 residval volume of
30 L. Isopropyl acetate (96 L) was added to obtair a solution of the title compound of formula 1,
which contains a small amount of impurities (mainly side products from the previous reactions.) Re-
moval of the selvent from a sample yields a substantizlly amorphous solid.

[0137} The solution with the crude prociuct was used for the direct preparation of the
hemi-tartrate and simultaneously for the purification. of the free base via the hemi-tartrate through

 crystallization from suitable solvents.

Example 2: Preparation of pure crystalline form ¥ 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
exfracted 5 times by 500 ml TBME. The organic phases were concentrated untill 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. X7ield: 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 peaksin 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 2 mass loss of about 0.4% between
60°C and 15Q0°C, believed to be caused by the liberation of TAME. 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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S 24.3 3.66 in 25.7 3.47 w 26.6 3.35 w 29.3 3.05

Exanp

|l e 8:

Preparation of crystalline pure formA by re-crystallization
101521105.0 g conmpound of formula IV as obtained in Exanple 5 was

di ssol ved under stirring at 65 Cin 560 m absol ute ethanol

and t hen

cool ed under stirring to 48 Cat a cooling rate of 1 C/ mn.
Crystallization started after a few mnutes at this tenperature and

t he suspension taned to a thick

aste within 1 h. The suspensi on was

heat ed agalabletlod-Bmcigesferdrysidprmcodicebisdo 48 C at a rate of 1 C/min.

The obt ai ned suspen
rate of 3 C h. The
filtration and the
cooled to 5 C. The
for 18 h and therea
hours to yield 98.1
product was pol ynor
whi ch was attribute
9: Preparation of c
[0153] 21. 0 g conpou
di ssol ved under sti
cool ed under stirri
Crystallization sta
t he suspension turn
heat ed again to 60
The obt ai ned suspen
rate of 3 C h. The
filtration and the
cooled to 5 C. The
at 25 C for 18 h an

20 hours to yield 1B

produce was pol ynor
a weight loss of ab
wat er. The product

ion was_stirred and-coeled-to-15-Caf a cooling

cr ysdlalP26] n¢ dppasmRyM at dntonsidy Gealisiiveded| by

ottlgg was|washed w tth 50 m yabsol ut e| et hanol

CTystal Tineg regpgue yas then,dried 1n a}r at 30 C

tet rcrer—vactrgiang T oot erature for 40

g c?ts{ald:u;&goduct. PXRﬁﬁ?gdibatc t hat the

h A3 Ta 1i11R hows i about 2.5%

0 toMsht er land @2 snmlll _ampunt” of et hahol . Exanpl e

Fystaldinej-pure formA by re&crystallization

nd ofig.f ormyl a 147 as @bt ai nedm n Exanp| e 3(b) was

[Tinggat 69 C iy 112 [ni ]| abs@l ute ethpnol and then

gt o, g8 Crat g f£ool (Mg rate ;0f T T njn.

tcd?f. terya f‘i‘ﬁ’z'” nytes—at :Lfs"_s temperature and

g—t8-—a-thirek—pastewtht—t——Fhre—suspensi on was
' 48 C at™y rate-of 1 C/nmin.

si on2¥%hs stirréd®and|cooled ¥H 15 C af a cooling

cryse@?|ing prédbpitate was wepar at ed| by

pot t kel was |washed w th 10 nml wabsol ut e] i sopropanol

\as T1rsty dried upder nitrogen

CrysgpiT1ng respgue |
d—rhgrgarr%r LTe [TV

jlcuum ang, roomte

perature for

A Tystattogepryduct— PZRD TTdiTated that the
h—A—W—h M'.ﬁ ++gs—to—FformbB—FO-+T112 showed
it P-704 Mthﬁ'ﬁas—ﬁLLLLbuLéb—pemksepropanol and
has_Ab%in ied’At 30 Cin a™ for 20l h yielding a

product with a weight Ioss'pf about 5% i sopropanol and water. Exanple
10: Preparati oro@b) Cr Yaph@kituht SoribiltLof (1R PasbWad Rtefikitsd @kdduz@inpdure

[ 0154] 150. 0
di ssol ved

gbgonpound of fornmula |V as obtained in Exanple 3(b) was
vty s fistedgn Tableds © in 112 nl absol ute ethanol and then

cool ed under stirring to 48 C at a cooling rate of 1 C/ mn.

Crystalliz
t he suspen

Buie sty

rted

D and

ok AP

ut.es

L

LGIRE Ll € and

he suspensit on was

heated again to 6
obt ai ned suspensi

P | ol 4 V. Wa
CI- CUUITU LU 40

rate of 3 C h. Thq

Y C/ mn. The

filtration and t h¢

cooled to 5 C. Th

and 40 C for 50 h
according to PXRD

—C—ant—tt Cat—amerof

DO \WAS_S ?iYcP};.d and. _\vas cn%qﬁig’}lt!@ﬁ)(‘ cool i ng
P cryst abdeforre precipitate wasl@eparated b

e bott| eemas] Wwashed |with 10 mbgmbsol ut e et hanol

b TTYS i resrdge was fir dried under vacuum
DU syt[c_&y A'g e—1-46—gerystat i:é“.géo pt-otuet i ch was
pur e pistryaeeachh A anple 111%r eparat i oph of

crystalline pure {orm Actpydefepensi on equil i brra2don

acetonitrile <50

dichloromethane > 500
1,4-dioxane 140
methanol 170
toluene <70
water <4
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[ 0155] 20 ng of the conmpound of fornmula IV from Exanpl e 3(b) was
suspended in a solvent and stirred for 4 days at a variable
tenperature with cycling from18 to 40 C. The product was identified
as crystalline formA by PXRD or Raman spectroscopy when using the
foll owi ng sol vents: ethanol, isopropanol, heptane, methyl ethyl
ether, t-butyl methyl ether (TBME), ethanol and T'BME, ethanoneptane,
TBVE saturat ed vmth vvater Exarrpl e 12: Preparation of crystalline
pure form B opl paration of the hemistarrate of formuls IV{ramthe solukien abtajned 19 [ 0156] 64
ng of armrwrrpound from Exanple 6 was suspended in 1.0 m

t et r ahydr of n and stirred at 5 C for 18 hours. The solid was
filtered aH&™HF PRYFAHDI™APE r ogen at roomtenperature for 2 hours.
Crystal line fonemMs wago Iﬂdenmhdri (ﬂ"dhetbyijMRDoﬁﬂorrRﬂiTBm @pﬁ@ylraesat@@}ﬁ L)

Exarrpl € 13acco|:r)51¥1$ %rbatachl was gé[ at H)L}.ga[F gunﬂopl;%lo utz%xlf% ensi Oguif rom

equi libratTon 1Tom or m Fotis™ Copoun
Exanpl e 6 Mécgbluypfeﬂdéd) iRl t&@@ydgiﬁrst(ﬁahbﬂ‘he/remueltmalS(oﬁ wi stiapdifari?én

stirred fog,3,daye W &uﬁ%%ﬂ?%rofg{i&g?aa{ QNSRRI AL U ohOw asgedcw[lth 4

Crystalline YYorm A was ent | spect roscopy e 14:

Pr epar at i offrtions efrispgiony! japeties Gur B PoAriptal qﬁl 0% 58 Bfeﬁstihemmeem v ﬁﬁvﬁﬂuf@n

from anor plaethsse inubRiditkibShritte Mt BRRERNG Wos @A HaRIdi0 e %@e@%@l&@' (§0%) was
suspended in 500 gl tetrahydrofuran and then stirred for days W th

cycling fr8#oom tenperature to 40 C. Crystalline formA was
identified by Raman spectroscopy. Exawl e 15: Preparation of crystal
formB byolﬂli"m ltatl on with anti-solvent nethyl ethyl ketone

[ 0159] 60 %8n aqueous sol ution contai ning about 160 ng of the
conmpound of forltédla | Vhef e Exalrptogucg phpreviews sted di@®-1 bg)l\@srﬂlssoimdwll

ﬁ} hyl ket Odéﬁun(ar'érﬁ@ wﬁ&r (51 £ at 1D, JUFBHN 3 AR (Xbaﬁ) §d% %ﬁﬁs Efumh

MEK was added and stirri n%g)was conti nued ours. Thé so |d

was filter@dkgfapd @Pﬁﬂmdﬂo’é@f (# ke) Frere agdsd. The PH wwhqc%é%mﬂ@ splyfon was| ¢
Crystalli I’bﬂnéd)fbmsBmWaI!ﬁe bokeiBh whs RehnY owPRGNiR bnd B ERectPREleVAS P RN ted.

water. e bae Ry stk T bRy OB Rar Al R v 3¢' Pang
t he char acbdiuh stilericle (9fEligl werm added toaieaontbitel ofgitec hases, ﬂ‘&pdlﬁlﬂmmgs dinsgdei ng
rystal 11 s i gedhtEen 13 phe e donsd SPhate o BB RSl B3 Vs aces
d- spaci ngsnf i mixpremas Sth}’ed(feﬂ?élm erdi Diterpd. Buftdr allipe Washsﬁﬁ @plmyl Zcetate (12
L), the solvent was removed under reduced pressure at 20-25 °C, Heptane (49 L) was add.ed 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 cenlrifuged 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 ethaxol (11
L) was added at 45 °C and the line was washed with ethanol {9 L), The solution was coolec to 43
°C, secded with the tarirate salt of the compound of Formula I, then the shury 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. The wet
cake was dried at about 45 °C for 76 h to yicld 4 kg.

¢) 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 solw.tion of
the crude tartrate mother liquors (107 kg) from step a) and the Formula I-tarirate mother

33



liquors (42 kg) from step b) to a residual volume of 27 L. Demineralized water (25 L) was added
and the mixture was concentrated to a residual volume of 32 L by distillation under reduced
pressure at 24-26 °C. Isopropyl acetate (30 L) and 30% aqueous sodium hydroxide (2.7 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 (6 L). Demineralized water (9 L) and sodium chloride (0.9 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 (0.3 kg) was added, the mixture was stirred
for 20 min and filtered. After a line wash with isopropyl acetate (8 L), the solvent was removed
by distillation under reduced pressure at 20-25 °C to a residual volume of 12 L, but not to
dryness. Heptane (25 L) was added at 30 °C, the slurry was cooled to 20 °C and stirred for 1.5 h.
The product was centrifuged and the cake was washed with heptane (2x5 L). The wet cake (4.3
kg) was dissolved in ethanol (23 L) at 45 °C. A solution of tartaric acid (0.58 kg) in ethanol (7.5
L) was added at 45 °C and the line was washed with ethanol (6 L). The solution was stirred for
20 min (crystallization of the product) and the shury 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 (2x4 L). The wet cake was dried at about
45 °C for 80 h giving 3.3 kg of product.

[0144] PXRD of both products revealed a crystalline sample and the high baseline
indicated the presence of amorphous parts and possibly of small amounts of crystalline form C.
PXRD reveals that the solid product contains substantially crystalline form A of N-(4-
fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N’-(4-(2-methylpropyloxy)phenylmethyl})  carbamide
hemi-tartrate of formula V. Crystalline form A contains some water as demonstrated when
subjected fo heat in thermogravimetric analysis (TG-FTIR, loss of 2.2% attributed to water and a
small amount of solvent). The amount indicates that crystalline form A was a hemi-hydrate
(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 130 °C. The water
can also easily be removed by treatment with dry nitrogen for a longer time (about 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 temperature, 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 rernoval,

The results are given in Table 3.
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4.37 vs 21.1 4.20 w 23.0 3.87 vs Angl e [020] d-spacings [A]
Intensity (qualitative) 23.8 3.73 24.8 3.58 m26.1 3.42 30.8 2.90

Table 3: Approximate solubility of the crystalline form A of compound of formula IV

Solvent Solubility (mg/ml)
1,4-dioxane ~2
2-propano) ~1

acetone ~2

acetone/water (1:1) >200
acetonitrile ~2
dichloromethane >30
dimethylsulfoxide >200
ethanol >10
ethyl acetate <1
2-propanol/water (9:1) <]
methanol > 100
methyl ethyl ketone <1
t-butyl methyl ether <1
; tetrahydrofuran >5
toluene <1
water > 300

Example 4: Preparation of the hemi-fartrate of formula IV from crude free base of forrpula 1
[0146] 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 shurry 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 centrifuged 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: aration of the hemi-tartrate of formula IV from crude free base of formula I
[0147) Crude product according to Example 1(f) (4.3 kg) was dissolved at 45 °C in
ethanol (23 L). A solution of (+)--tartaric acid (0.58 kg) in ethanol was added at 45 °C and the
Iine was washed with 6 L of ethanol. The solution was stired for 20 min (formation of solid
precipitate) and the slurry was cooled to 35 °C over 30 min. The slurry was stirred at this
temperature for 1 hour and then cooled to -5 °C. After 14 hours stirring at this femperature, the
product was centrifuged and washed with 2 portions of ethanol (2 x 4 L). The wet cake was dried
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Exanpl e 16: Preparation of crystal formB by precipitation with
anti-sol vent heptane [0160] 2.0 ml of a solution containing
135 ng of the conmpound of formula IV according to Exanple 3(b) in
met hyl ene chl ori de was added at roomtenperature to 3.0 m heptane.
The fornmed suspension was stirred for 24 h, then filtered off and
dried in air at roomtenperature for 8 h. Crystalline formB was
identified by PXRD or Raman spectroscopy. DSC neasurenment reveal ed a
Tel L1 ng pot Al “Gfor 8B5S TAUnEARE RE o (B e R ABYS BRDOGBERR S 1/ g.
Exanpl € 1 ool RAAls0flors 1t AhmdtOr M B by pr eci pi tati on wit

anti - sol vent t ol uene [0161] 2.0 ml of a solution containing 135
ng of the conpound of formula IV from Exanple 3(b) in nethyl ene

chl ori de vExsms€lél flepaitatidnQP i drghdid6rant ofl Enpbnind 3£ PBroiita IV alirouih Bropklizetich afre d
suspensi on _was sltlrred for 24 h, then filtered off and dried in air
at room t SHRELRE for 14 h. Orystalline formB was identified by
PXRD or Raman 348}t r 030pyf. cndSEeaipeesi femdni wasaliseeiieddt momysmpérefyre froi nt
of near 1

pr eparat i ot Bt (ufaf p B AR N5 i cnBlneR Hlthn i el ol BN 2
acetonitr muﬁxpore ﬁlh‘atlon[uﬁll e theﬁl@rqchsolutfonalastﬁneﬂ:rredmt@m 0zl npungy gli@@aalrg of
the COWDO%QcQJr s&wowtsafrobéé,tgmtfa@ﬁv & d%(ﬂ))at'?@ﬁ%ﬁ@éﬁhs_%}!ﬂﬁnfgﬂﬁc%ﬂabﬁe

was added at roomtenperature to acétonitrile

suspensi orﬂaﬁb’a@thsﬂth frqzepsoluiien e C?Pne"ttqqé‘ha ponhiligereleyoptiikzenier: GRREE FETAqi r
at room t enges-alue &:ti‘apgresat& ST wabdoygi0ab kobiteant @l BIBrPEmpetlRind wisi-sadcpy

Raman spect roscop Pre f . crystal formB b

preci pit ataf"é)ﬁ‘ S%tf?t"fanEB&vrélt?‘ﬁ h‘\??m i%é‘tuﬁft tge tyophilizaton PEB3T ]Bti‘%i m

of a sol utmd)ﬂhslcwﬂtcﬁdcﬁmmdm oginef wiite@olgiopopdervas cifaratterized by diffefential

200901 g AR PRl s T Rt oR i e B EARMASTEE I ©

ethyl ac etcamniet# amresplivas ethte, smﬂ\héimserﬁ)S@ mesupmat carealfor sererdeiely ap@pigys

t enper at ur a or 18 i,
% Kﬁ'ﬁn ﬁaﬁ%ﬁdﬁm%@eﬂ&g\@%aﬁ&hﬁ%@ 13ht 05y ﬁcf

thenflltere inar at roomtenpgerature or

Crystalline formB was identified by Raman spectroscopy. Exarrpl e 20:
Er Ie|oar at L%@tef:w@t wﬂnfo@f@[ngﬁ%iﬁ%ﬁmﬁe%f sfﬁwubﬁ bration vvi t h
ol vimor p in _acetonitri e co

IV from Exanpl P1%p) &S & dhreresed ft"Fi‘ Eg‘g‘@qﬁﬁlwf‘? FUFRED n&a PtF Lganf’ r 4

days at a (tmnm}ermetﬁﬁte sﬁy@kmrn\gasﬁmer itmm@(bvﬁ,so mireto 76 70, Fomgd °Cfthe and

dried in air.at ro e ure ne S

i dentified ‘B@ Rafreh’ Seggﬁséscgp lutﬂ Flow% X@ gﬁdapjatﬁr%dﬁé orpfaﬁg&r,\@ost al

form 13 b;crssta&mhshowﬁéqmdolnmfam@ﬁcw ItSHCp@merﬂbmwﬁowrﬂh '@Fﬁmeﬂa@et ate
[ 0165] 20 ng, 9:%13]%?& I%Or{'%:fqy e, 'ﬂtfere;fﬁf mﬂlnﬁc éuéﬁeﬁsfoﬁmmgal ?hﬁ(r&)pltéﬁ@-%as

suspended 1 n acetate and stirred

t enper at urfétcfé‘}'@deﬁgCWSIfé tyigs with 78 m! phselnte F‘?‘F’Pbﬁ“@é‘eﬁ%‘lf‘iéﬂ*‘i&é‘ﬂmﬁh“ Ogi r

gt room t eQPehe atyWehi vk 13’5|&§*(359Qﬁ%a)t alline formB was i d]?ntl fi eg by
aman spectros : a repar . Qr.m

suspensi on equﬁﬁ?‘%r a%ﬁggt}ﬁgfth B‘ﬁ‘ ‘;Amtqﬁ sc?‘ﬁ%tﬁ‘sﬁtsgfd RERE gl%‘é]] 20

ng of the aadhpedod:r 30fmif ©rATOC.ahe dissﬁlntmmwﬁx@wplee afi{ the solntien wagsybetardieldy i n 5

M ot hanoleofou el g@-éo)%a?ﬂees%ﬁitﬂn]r»fagrﬁgg%% # 793¥ S fincOval GHBES b5

cycllngfrom dried 1n air at room
t enper at urabsofutsr ethaolEang {he tselution s flmpalisedat Goglewndpr stisdngh (Fryralizgiion

spectr OSCQB}{ateH@gF& %@ﬁoduar &ﬁﬁl%d'apﬂmﬁtf%% Y6 buidl 2 JoRhmloRs RGiphhte RENST ON
equilibration wt in water saturated et hyl acetate

[0167] 20 rfgrmsd: Tbﬁ@sm%ﬂawﬂowddﬂmk%ﬁw@t 19 TRRFleTRR R {PEISISp Yy |
et hyl acetmiRd 5D ot Bl wiktiel ik vth 58 aSsbiuteletbehof. The WhitkaiGsolid praduct

tenperature cycli fr mroomt ature to 4 hen filtered and

1B - 319 SO oF G5 TR thE T ne 8 RO A A TP B s

identified by Rasmn sPecKroseoplyr difikatg @atidd; isPthewdrintHigre dfandripest al
characteristic peaks in 2 theta with the corresponding d-spacing values in A are given in Table 4.
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Exanpl e 25: Preparation of crystal
wi th pol ynorph A in ethyl
from Exanpl e 6 was suspended in 10 nil
room t enper at ure,

and stirred for
dried .in air at

100 h at
roomtenperature for

acetate / water
et hyl

form B by suspension equilibration

[0169] 1.0 g of the materi al

acetate and 100 pl
then filtered off and
18 h. 750 ng of crystalline

wat er

form B was obtained as identified by Raman spectroscopy and powder

X-ray diffraction.

ng of the conpound
m et hanol

I MEK (1:

Exanmp

Angleit20k1 | derscingsdhl B

| e 26. Preparation of crystal
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cycling from1l8 to
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Exanpl e 30: Prepar 3
wi t h anor phous forn

[TT Ono@f CT
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ySTa] 49 ONT

B Oy su§pen3| on

equi libration

TTALIAS Y
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e _nmalLcrt oll
VS
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h. The solid was fi
mn. Crystalline fq
Exanpl e 31: Prepar3
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dent4-¥% ed
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Ramaispectiro

rature for 16

L in nitMgen-at P2 C for 30

scopy.

vst a}.96f or n

B by suspensi on

equi libration

wi t h anor phous forr

hin 24at er

sat &k ed

et hyl

aaetate [0

75] 20 ng of

the nmaterial from§H

xangse 6 Was sugpended 1n 5GP p. 1 et

yl acetate

saturated with wat ¢

T,

%IGI’ r e’] T OI’33§ day

S at a tv@nperatu

re cycling

fromroomtenperat |

e [2934\1 g —tt i

e

n air at room

red dlw UII EU

"o

tenperature for 6 I
spectroscopy Exarrpl e 32 Prepar atl on of crystal

m xt ure.

2.0 M ethyl acetate

uyatal rTe—Torm

C[19

wWaS I UCIIL I I I cu
font B by suspension
i ni ng sol vent

[017561572? rrglo@fo géampaﬁﬁ& sffoaﬁux Woﬁﬁxﬁzﬂ% wallgiRenged in

Yiafl Q)

y Ranman

ulder 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 2 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 arate 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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/ ethanol containing 1% water, stirred for 1 day at a tenperature
cycling from5 Cto roomtenperature. Stirring was then continued at
10 C for 5 days. The solid was filtered off and dried in air at room
tenperature for 15 min. Cystalline formB was identified by Ranman
spectroscopy. Exanple 33: Preparation of crystalline formC by
suspensi on equilibration of polynorph A in acetone [0177120 ng of the
conpound of fornula IV fron1Exaane 30 0 was suspended in 1 m

acet one, ahBspnployPrgparation pfcysialy : ArepRsaidzaliong qded, and the

suspensi on was @933] at efl QéonﬂoﬂaﬁﬁfoﬁﬁulaalvtagBﬂﬂﬁ@txﬂEﬂan@%Cﬂ(b)ﬂ@s ih&semdl8
to 40 C, then filtered and d

r OO er at.ur e
O yatal | | e AL G BT Feh g bimal A Heh SN SaRe ST 4R a1
Prepar at i OBoolthg Rfe)ostl @it @r}fsﬁﬂifzahﬁl Eyrtes Wit @ st mfnuleqnlﬂhs tefmpdritoe amclfthe

I h A tet dr.of 017 th f
Por il 1VAPBHPERRab S g et T ot ARl Vi oo SEERR B ©
f orm C seeddioled tc48/ Stanh sitewd it &C/mthd B, obtainell Snfmsnssm mdﬁmdmd &oistaeed
for 3 days a % ra%%?? E’@fﬁ Whe cr?éfaql rfe?gmlt.u%%} %E&c:ﬁ% fﬁ‘ﬂ‘at‘ifo Ll;d%e%gtﬂgtv;s

dried in air a room tenperature 'l ne orm

i denti fi edwhspeduitnif mb@eqlmtwm@ynol cqoled it &C. I8¢ crpytaliingresique Fasdst st dried

fr tyst ﬁl 11' ngnéel%m 1@1@ %%%ﬁh&gghc%ﬂ@r%ﬁﬁﬁﬁduﬁﬂn&fomg@én}b@@ﬁn@hoﬂo hdihrsf

et rahydr obr an 0 e conpou 0 rom
el 2 5 B a9 gispantiagmphics. O Deiepd iog HAromeies gis OB Aoy

as seedi ngsigiyBiealoSfornrADATG-RERSHGRARSIeipht MRS sticur 7.2, Wiich w06 alritated &

tenperature of 4 filtere and dri.ed . Ni. tr ogen 0
t enper at ur X F" 'ggl%ﬁvﬁ?r' JE?VS gtl"fasr’lzéga'fiélflerﬁ%%v{gémia f #ﬁl‘ 351[')%/ %%8 and
Raman specwitbs eaphy losfofabqut ¥6 Bépropercdpdmatei.on of cr ystal line form C by

suspensi on equilibration of polymph A in tetrahydrofuran (TIIF)
[0180] 1.0 ¢ oflthe corrpound of forrrula I from Exarrple 3(b) was

suspended i C : aH
crystals, and tqomp bt a!sﬁ@g WE&ﬂmmﬂsas%bﬂaﬁécﬁﬂ Eﬁﬁﬁpléﬂb)hvaaawsbl@mn
t enper at ur e, tered, an

dried.in roo erature 9
i n. Crystalrdﬂwwmi@mdy%@wlww@ 4 £16h %t
spect r oscopyblinglateFoT Rc&ho\mdtamm gited Iam 8 fm minmssatttliiat&mﬁarﬁxre/addeheow
150 C, WhICh was at t d t i [ I, DEA

oxper | ment SR Eired bgdhrabctl O U BRI oROM P ARl ik en
hydr at e, ap@leéxmaﬁqat hyagerqié éamm; iThe/obtafpgiuenension; wae ptirted pred meag enlpd o 15

mel ting pob@l: NEdhg V\%?e of 9’(&% tre @AtRRE hediftibte Has Jebh?dt%y@iimﬁ@ﬁﬂ@ ﬂuell?o?tle” g.

[0181] The X-ray. po diffraction pattern is shown in Figure 4

t he char actay VashqdovithelQied spsqlute ethipnl a"‘wlt‘?ﬁ t%@%ﬁ?@%éﬁtﬁ‘?\ﬂa%ﬁ‘%ﬁﬁ@l ng
val ues in fhd@f RoaghVvan 40 fcf&am 1ol to Viddb148 gRiysEitipReduagshiflowas bdaerding to
crystalli ngfé]?rm C of t conmpound of forrmula IV Angle [20]

d- spaci ngs P\lrﬁp%lﬂg?rlf ‘(qualitative) 7.3 12.0 8.2 10.7

Example 11: Preparation of erystalline 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 varizble 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, methyl 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

[01506] 64 mg of amorphous compound from Example 6 was suspended in 1.0 ml
tetrahydrofuran and stirred at 5 °C for 18 hours. The solid was filtered and dried under nitrogen
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vs 11.9 7.4 vw 12.8 6.9 vw 13.5 6.6 vw 14.3 6.2 15.1 5.86 m 16.0
5.53 16.8 5.28 m17.2 5.16 in

at room temperature for 2 hours. Crystalline form A was identified by PXRD or Raman

spectroscopy.

Example 13: Preparation of crystalline pure form A by suspension equilibration from amorphous

form

[0157) 20 mg amorphous compound from Example 6 was suspended in 500 pul
ethanol / acetone (1:1) and then stirred for 3 days with cycling from room temperature to 40 °C.
Crystalline form A was identified by Raman spectroscopy.

Example 14: Preparation of crystalline pure form A by suspension equilibration from amorphous

form

[0158] 20 mg amorphous compound from Example 6 was suspended in 500 pl
tetrahydrofuran and then stirred for 3 days with cycling from room temperature to 40 °C.
Crystalline form A was identified by Raman spectroscopy.

Example 15: Preparation of crystal form B by precipitation with anti-solvent methyl ethyl ketone

(0159} 600 ] of an agueous solution containing about 160 mg of the compound of
formula IV from Example 3(b) was added to 10 m] methyl ethyl ketone (MEK) at 5 °C, The
suspension was stirred for 3 days. 5 ml MEK was added and stirring was continued for 5 hours.
The solid was filtered off and dried in air for at room temperature for 12 h. Crystalline form B
was identified by XPRD or Raman spectroscopy. TG-FTIR shows a weight loss of about 2.5 %,
which was atiributed to water. The X-ray powder diffraction pattern is shown in Figure 3 and the

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 17.4 vs
8.7 10.2 s
10.0 8.8 W
13.7 6.4 w
15.0 5.91 Vs
16.2 5.46 w
17.8 499 m
18.1 490 m
19.2 4,62 m
19.7 4.50 vs
203 4.37 Vs
21.1 4.20 w
230 3.87 Vs
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18.3 4.84 vs 18.9 4.70 in 19.4 4.57 s 20.3 4.38 m213 4.09 w 22.5
3.94 w 23.6 3.77 s Angl e [20] d-spacings [A]

Angle [°26] d-spacings [A] Intensity {qualitative)
238 3,73 w
248 3.58 m
26.1 3.42 W
308 2.90 w

Example 16: Preparation of crystal form B by precipitation with anti-solvent heptane

[0160] 2.0 ml of a solution containing 135 mg of the compound of formula IV
according to Example 3(b) in methylene chloride was added at room temperature to 3.0 ml
heptane. The formed suspension was stirred for 24 h, then filtered off and dried in air at room
temperature for 8 h. Crystalline form B was identified by PXRD or Raman spectroscopy. DSC
measurement revealed a. melting point of about 131 °C with a melting enthalpy of about 63 J/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 IV from

Example 3(b) in methylene 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 spectroscopy. 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 m! acetonitrile. The
formed suspension was stirred for 24 h, then filtered off and dried in air at room temperature for

18 h. Crystalline foorm BB 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 in air at room temperature for 12 h. Crystalline form B was identified by

Raman spectroscopy.
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Intensity (qualitative) 24.0 3.71 m25.5 3.49 w 25.7 3.46 w 26.1 3.41
27.5 3.25 vw 29.0 3.08 w 30.5 2.93 w Exanple 37: Preparation of
seeding material of polvnorph C [0182]25 g of conpound of fornula IV
from Exanpl e 3(b) was suspended in 100

Bxample 20: Preparation of crystal forna B by suspension equilibration with polymorph A in

acetonitrile

[D164] 20 mg of the compound of formula IV from Example 3(b) was suspended in
acetonitrile and stirred for 4 days at a temperature cycling from 18 to 40 °C, then fltered off and
dried in air at room temperature for 18 h. Crystalline form B was identified by Raman spectros-

copy.

Example 21: Preparation of crystal form B by suspension equilibration with polymorph A in ethyl
acetate

[0165] 20 mg of the compound of formula IV from Example 3(b) was suspended in
6 ml ethyl acetate and stirred for 4 days at a temperature cycling from 18 to 40 °C, then filtered
and dried in air at room temperature for 18 h. Crystalline form B was identified by Raman

spectroscopy.

Example 22: Preparation of crystal forrn B by suspension equilibration with polymorph A in
ethanol / MEK

[0166] 20 mg of the compound of formula IV from Example 3(b) was suspended in
5 ml ethanol / MEK (1:1) and stirred for- 4 days at a temperature cycling from 18 to 40 °C, then
filtered and dried in air at room temperature for 18 h. Crystalline form B was identified by Ra-

Tan spectroscopy.

Example 23: Preparation of crystal forrn B by suspension equilibration with polymorph A in
water saturated ethyl acetate
[0167] 20 mg of the material from Example 6 was suspended in 500 pl ethy] 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 crysial forom B by suspension eguilibration with polymorph A in

acetonitile containing 1% water
[0168] 20 mg of the material from Example 6 was suspended in 500 pl acetonitrile

containing 1% water and stixred for 3 dayys 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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m THE and t he 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 pol ynorph C was obtai ned as confirmed by PXRD
and Raman spectroscopy. The material was used as seeding crystals in
| at er experinents. Exanple 38: Preparation of polynorph C[0183]6.0 g
of the crystalline material from Exanple 9 was suspended in 30 m MEK
and stirred at 50 C. 100 ngy crystal seeds from E_xarrpl e 37 were added
after 2 hd apleadddPrena; A N _qjg.;aﬁg\' 2 "L!‘fji;.ll DO 'LI’A!M':
terrperaturgﬁate,%teprystal line soI id was filtered off and dried for 18
hours at 45 C A of yield 4.7 g of pol ynorph C contai ning

amount of pol yHb%hh Al-hesf fé?)t‘@F‘??é&‘”&@"%ﬁf Yabtrssdes i) "ﬂl'@bﬁila‘feﬁte

i ndi cates aﬁ'@ld&?{l Ghkr %@&&e@@drqw ﬂ-Z‘l‘Q‘O&l te E?th&Qﬁltde’dﬁﬂﬁa"n&Tdh&hn @i at
pol vimor ph C [ 0184

I rrate ial S
suspended P9 SHPHA ?%E?%hd'/ tn?gr‘i‘iéé E 5tj Wﬂc%ﬂsﬁgﬁgq@egﬁ‘gﬁrom
Exanpl e 3%§pddscopRsaldeowdat Xesy diffripgiot. s and Sti rr| ng was continued for 80
hours at roomtenperature. The crystalline solid was filtered off and
dried for 18 hours at 450 Ayleld of 47gof ponnorphC _
cont ai ni ngExanps cparalio) ] 1y suspengiera egilibyi i 18 3
PXRD. TG} di cates a wei ght Ioss of about 0. 5 %bel ow 170 C,
whi ch was gmHgH%I? d to THE. Exanple 40: Preparatl on_of polvnornh C
[0185] 6.0 g of W& crifsegef|thesempermdafifoymla | fromdipgmple §(bjyas uppeiehited i n

40 M THE ,anRgat | SIERCG1:RY an@ Sirfed fok A%iaylat ﬁ"te)h%’éﬁhx& @aﬁl@ ﬁcrnoms Ex@rvpj Ben37
were added after 2 hours and stirri ng \;ﬁ%i ntllﬁl 103 gu s at
X af 'se a enghie

40 C. A sdbgrtiagdolied Sratoft 1o Ry atal

added af t eamdphratcspyThe crystalline solid was filtered of f and dr| ed
for 18 hours at 45 C. A yield of 5.0 g of polynorph C containing a
smal | anpount of poI yrrorph A was obt ai ned as COan rmed by PXRD TO- FUR
i ndi cat es Eazng 2 agation off crystalo e han With angorphy a1l
attributeq Lo TIT. Exarrpl e 41 Pr epar ation of poI vnor ph C 10186)6 0
g of the crys aII|ne mat eri al of, Exa 8 was suspended i,n 40 m_ MEK
and stirred atl038ic %508 efghedrars 0“72%%@ e 6 ESEReRATA 18 147 heptane Apfy e d
after 2 hQiited aB4PCThr 18I Tlﬁ sM/EﬂSva@ ﬁﬁ&ddmhw&eﬁ 2 2il 8410 RO tr S hatry4llire. fork
second portion, of i staI seeds from Exanpl e 37 was added
after 30 HOYAS Lentfgdby t'i°?‘?8pysol id was filtered off and dried for
18 hours at 45 C. Avyield of 5.4 g of pol yrrorph C contal ni ng a smal |
amount of ool ynor gh A was: oht A 3 ) '
no wei ght T0ssS befow 170 C ' [ epa ' pur e pol vnor ph
C [0187] 7 cihylpcesfte:t he crystal | i ne mat erial of Exanpl e 8 was suspended

in 50 m acet Ofb@’lﬁnd §2trh Jf%nﬁjrenécﬁ-oﬁ;lixgxﬁ@e magﬁﬁﬁl@dlﬁ@@%eﬁ-lﬁﬁmate
Exanpl e 37 were added a te wasg Aérpé
1O

nil acet orf®d §Eed aated: foStIFIhrTII‘Fgm%s’a%Wﬁlf@d"‘? fedoiy At

The suspergsalink\Rin B Rafidatfédrdmbdspddodcognd stirred at this
tenperature for 14 h. The crystalline solid was filtered off and
dried in air for 4 5 hours at 45 Cyl eI d| ng 6 3 g of pure polym)rph C
as confi r rBaghdde faha ] fagn B By euspy with aimbr '
[0188] 7.0 he crystal l i ne mat erial of Exarrpl e 8 was suspended in
50 m NEKQ%'ﬁ%rred at 60 C. 200 %crystal seeds from Exanp

were added aft 8173 ho®hms efies =eteripldiomexgmmle € oYets Wﬂ’éﬂdef'éﬂ“églﬁétﬂ?‘gﬂeat
60 C. The aﬁ&l&ﬁ%&l&ﬂm 258 h.R8 sa Hlaf Hitdr&l okOaxfd @eti Gh Sitrbgeh QE22PIC foh2 §.
t enperature fa(%:) f)lge géﬁls alline solid was filtered off and
dried in &Mt BFf%“g“ﬁ it by Rgmes spegirOse®Y of 6.0 g of pure

pol ynmor ph C was obt ai ned as confirnmed by PXRD. Exanple 43:

Preparati on_m mm of 1hureC [0189]50.0 g of the crystalline material of
Exanpl e 10 was suspended in 310 m
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MEK and stirred (600 rpm at 50 C. 1.5 g crystal seeds from Exanple
37 (suspension in 10 mM 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 tenperature 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 polynorph C was obtained as confirmed by PXRD. TO FTIR
i ndi cat es no wei ght I 0SS bel ow 170 C (soI vent free product) Exarrpl e

mat eri al f Ex anpl elOwas suspendedr n 360 m I\/EK andstr rred (600
rpm at 5 1.5 g crystal seeds from Exanple 37 (suspension in 10
m MEK) were ol af 148 me2f fhio metstial 8o Exdmply uengnded de 8.0 frd MEXGarg

hours at ﬁﬂre@atrmﬂteﬁayé&@r@?dr@@h"ﬁ&oﬁr@% RRH 68 arddQrid Pin G iREYn Blhregd at

this tenperature for 2 h. ecrgsta ine solid was filtered off and

dri ed undéPW‘a@@iﬁ%ﬂ“feé?mﬁawﬁﬁéﬂ&Ptsﬁe by BamagspechrosepRt d of 41.5 g of pure
pol ymorph C was obtai ned as confirmed by PXRD. TG FTIR i nd| cates no

wei ght | o _ y ee roduct _
Pr epar at i oh=ot 5 Liikas) il HE RS of
t he crystww_eof Exarrpl e 10 was suspended in 35 m THE and

heated to 65C. st f ar di SSQlyve

sol uti on was c[ogsgd ?8“@(?& efﬁtenﬁgoﬂgyﬁmpiefé satmfsPsee H%P? almgr\%xﬁmﬁe 37
(suspensi exturited viithOvater, stitr@E)fordalexs ahaltuptraureicyshing fiomropivigsiperatys to anEC for
about 30 meﬂﬁﬁmﬁam&anmg&m&wmw% HSESRANR G PaRs GRARA 0 10
Cat a cooling rate of 0.15 C per mnute, and stirring was conti hued
at this tBAPESERCESSEPYor 2 h. The crystalline solid was filtered off
and dried under vacuumfor 16 hours at 50 C. Ayield of 4.5 g of pure
pol ynmor ph_C [ g

ammle

Ex | 467 F aa pl v . L
of ameecrlwmm_of Exarrpl e 10 was suspended in 10 n1 of
THE at room tﬁﬁi’/ﬁ]at Ub 8o gl t’&%%ﬁmbha%gﬁmgg%; 6@?&&% hobie

clear solutio is SO Fon Wwas cool seed
crystal s Otthdnolraent@ning dh %rﬁpﬁei B7 1 e o aatddl@dtqrfoc)lcm ﬁgmuit‘ic‘ow rogp

this tenperatiie, shhfe FASRANShRNedR G60PE 103 lsQdsY TRD Ldhia CORCARLAASHs and
after stirring this suspension for one hour at 60C, the suspension

was cool efFtam FHE BOMACTRIFETHOr 1 Cipe CigliRe fonp tBewwslqmﬁeé by Rymata s
reached agdctbdogy.i Ng was continued overni ght, about 14 hours, before
the obtained solid was filtered off and dried at 50C for about 2
hour s und v | t 0,.0bt un ur stallrnne f 47:

St abi li tyE(aéanL%ﬁgvu\fl: ?MB?JDi ‘iffc o) {ri: Uted) E}i[hrlelrlsr';rxrzslprsm caﬁ@%ﬂ_&%@
conpoundsaafngExanpl es 3(b) (poI ynmorph A), 25 (polynorph B), and 36

(pol ynor ph © p ] ek
(L0l TG, ASRSOE SRR AR UG b
wher eas pdFYiPHhag A& oidrpst spdingrisils crﬁ@n @éﬂd B suspension eg agitated
crystal li foe 4fdupsent b O BreNGUIBE rom 1360 A0 00 UkdnSneRe o ARl 1Z&0athyoriPLC

and the p,rrit S ected to_indicate.chem cal, stability via
deconposi t° ‘ﬁé/t‘lrf\g% bﬁg%’ﬁ%h‘ﬂe f°§ﬁ8mﬁdﬁﬁé‘iﬁb¥?9m"8fsf’°2 BB pol ynor ph B

28.3% and pol yrmr ph C 99 7% denonstrating the high stabr lity of

pol ymor ph ! Bk £ 140, L'm}'ecLl%% T B “Rds Of
Exanpl es (pot yror p and 3
were pl ac® s TEFDNt ai ners and exposed 1 week and 2 weeks at 60 C

and 75%r el at i m;humzeirngy,fmé e TP BB SAT Al hfihod a0

was detected and PCLC purity was 80% tran rmed t
pol ynor ph3®€ 1l Wwofmt%w%mwpwm@e@ ¢ SiEpensipRl wasAgitaty for 3

purity waaay%a@%peradewmﬁgommﬁsrt@mdwmerdaramg@ﬁ%an@lohﬁ’éf&eﬁufe foy3 Was
99. 7% ﬁ é aratjon of crystallrne form Busi ng nol ynor ph A
? b o

as starti s dentified oy Reyaan spesfEPsepPY-of a sol uti on cont ai ni ng
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characteristic peaks in 2 theta with the correspondi ng d-spacing
values in Ais given in Table 7. Table 7: d-Spacings for the
crystalline formD of the conpound of fornula IV Angle [28]
d-spacings [A] Intensity (qualitative) 5.1 17.2 s 55 16.0 m&8.3 10.7
\{\:I),V Zg 2.8 w  Angle [020 d-spacings (A] Intensity (qualitative)

: .6m '

Example 35: Preparation of crystalline form C by suspension equilibration of polymorph A in
tetrabydrofuran (THF)

[0179] 255 mg of the compound of formula ] from Example 3(b) was suspended in
5.0 ml THF, 25 mg of form C was added as seeding crystals, and the suspension was stirred for

40 h at a temperature of 40 °C, filtered, and dried under nitrogen at room temperature for 15 min.
Crystalline form C was identified by PXRD and Raman spectroscopy.

Example 36: Preparation of crystalline form C by suspension equilibration of polymorph A in

tetrahydrofuran (THE
[0180} 1.0 g of the compound of formula I from Example 3(b) was suspended in 6.0

ml THF, 50 mg of form C was added as seeding crystals, and the obtained suspension was stirred
for 50 h at room temperature, filtered, and dried in air at room temperature for 45 min. Cry-
stalline form C was identified by PXRD and Raman spectroscopy. TG-FTIR showed a weight
Toss of less than 0.9 % below 150 °C, which was attributed to water. Dynamic pour absorption
experiments show that polymorph C does not absorb water, form a hydrate, are exhibit hy-
groscopicity. DSC experiments 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)
7.3 12.0 W
8.2 10.7 vs
11.9 74 YW
12.8 6.9 W
13.5 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
i8.3 4.84 Vs
18.9 4.70 m
19.4 4.57 )
20.3 4.38 m
21.7 4.09 w
22.5 3,94 W
23.6 3.77 s
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[e) 7))

4 s 19.5 4.54 vs 20.3

Angle [°20] | d-spacings [A] | Intensity (qualitative)
24.0 3.7 m
25.5 346 w
25.7 346 W
26,1 3.41 w
27.5 3.25 W
290 3.08 w
30.5 2.93 w
Example 37: aration of seeding material of pol hC

[0182] 25 g of compound of formula IV from Example 3(b) was suspended in 100
ml 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 sceding crystals in later

experiments.

Example 38: Preparation of polvimorph C

[0183] 6.0 g of the crystalline material from Example 9 was suspended in 30 ml
MEK 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 ternperature. 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 amowunt 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] 6.0 g of the crystalline material of Example 9 was suspended in 30 ml THF
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 yield of 4.7 g of polymorph C containing a small amount of polymorph
A was obtained as confirmed by PXRD. TG-FTIR indicates 2 weight loss of about 0.5 % below
170 °C, which was attributed to THF.

Example 40: Preparation of polymorph C

[0185] 6.0 g of the crystalline material of Example 8 was suspended in 40 ml THF
and stirred at 50 °C. 150 mg crystal seeds from Example 37 were added after 2 hours and stirring
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
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4.37 vs 21.7 4.10 m22.7 3.91 in 23.2 3.84 m24.2 3.67 w25.1 3.55in
26.0 3.42 in 26.9 3.32 w 28.5 3.13

yield of 5.0 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 to 0.8% below 170 °C, which
was attributed to THF.

Example 41: Preparation of polymorph C
[0186] 6.0 g of the crystalline material of Example 8 was suspended in 40 ml MEK

and stirred at 50 °C, 150 mg crystal seeds from Example 37 were added after 2 hours and stirring
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
yield of 5.4 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 42: Preparation of pure polymorph C
[0187] 7.0 g of the crystalline material of Exaniple 8 was suspended in 50 ml

acetone and stirred at 50 °C. 200 mg crystal seeds from Example 37 were added after 2 hours. A
thick paste was formed and 10 ml acetone was added. Stirring was continued for 29 hours at 50
°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 yielding 6.3 g of pure
polymorph C as confirmed by PXRD.

Example 42: Preparation of pure polymorph C
[0188] 7.0 g of 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.
A yield 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 orystalline 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).

46



w 29.2 3.06 in Exanple 51: Preparation of crystalline fromE using
anor phous formas starting materi al [0198] 70 ng of the
material from Exanple 6 was suspended in 1.0 ml t-butyl nethyl ether
(TOVE). 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 ng of crystalline formE was obtained as confirnmed by PXRD and
Raman spectroscopy. Exanple 52: Preparation of crystalline from

anor phousgfs m@r T AN bR (01991150 ng of the materi al
from Exanpl e nil TQVE. The suspension was

sSu
stirred for 2d°1|9°lat r%gmféwafﬁamm@atmh@f Fxprpde 49 psywspswsied én 308 40l
filtered mfek :adéingd {606!rphd) attdorCl 05 g &yl ReedlrobORXaNHIE APRAPLKIGSIn 0ni €l d

of 121 ny al line formE was obht ai ne confirmed by PXRD and
Raman spevﬁ% %ﬁfﬂ d ofe Fhort %nwgcvai Ftged F?&?%%?Oélgs 255G GhasuPERsEn of
about 5. l#asstearddedge HIRC\aad airsd a&lﬂi‘ls thRfeereabil e Thdyshina ghlie aapileiee
beIOM/150 was at nt o

i ndi cat es®eXi \é&F‘Léér:]'%’der S °uumf‘§l\}gﬁ B ¥a ? eél-%lvEEld 09‘?‘0?2%)6%1‘??@ o&m gl/'ép“(’)a\?\der

di ffract i deingdes enfrmed bsPIRIA TOF TR gdicaes@o anighttlbre beltmal HCCasdlsttifice peaks
in 2 thetlgu}.0 h the correspondi ng d-spacing values in A are given in

Table 8. "~ Table 8: d-Spacings for the crystalline formE of the
conmpound of forrmula IV Angle [28] d-spacings [A] Intensity

(qual i t at Exple B5: brepafatidn Y¥puRe polyshEpieC iBm Sldtion in THF
[0191] 7.0 g of the crystalline material of Example 10 was suspended in 35 ml THF
and heated to 65°C. Crystal form A was completely dissolved, and the solution was cooled to
60°C. Then 0.35 g crystal seeds from Example 37 (suspension in 1.0 mi THF) were added and

stirring was continued for about 30 minutes at 60 °C. Thereafter, the suspension was coocled to 10

°C at a cooling rate of 0.15 °C per minute, and stirring was continued 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
4.5 g of pure polymorph C was obtained as confirmed by PXRD and Raman spectroscopy.

Example 46: Preparation of form C directly from solution
[0192] 2.0 g of the crystalline material of Example 10 was suspended in 10 ml of
THF at room temperature, Heating of the suspension to 65°C led to 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 crystailine form C.

Example 47: Stability tests with polymorph C
2) 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

47
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5.28 in 17.4 5.09 s 18.1 4.90

showed a purity of 25.9%, polymorph B 28.3%, and polymorph C 99.7%, demonstrating the high
stability of polymorph C.

Example 48: Exposure to humidity
[0194] The compounds of Examples 3(b) (polymorph A), 25 (polymorph B), and 36

(polymorph C) were placed in open containers and exposed 1 week and 2 weeks at 60 °C and
75% relative humidity. In polymorph A, a water content of 2.8% was detected and the HPLC
pwrity was 80%. Polymorph B transformed to polymorph C, a water content of 1.9% was
detected, and the HPLC purity was 94.6%. Polymorph C remained unchanged end HPLC purity
wag 99.7%.

Example 49: Preparation of crystalline form E using polymorph A as starting material
[0195]) 600 pl of a solution containing 160 mg of compound of formula IV according

to Example 3(b) in water was added at 5 °C to 10 m! isopropanol. A crystalline solid precipitated
and the suspension was stirred for 5 hours at 5 °C. The crystalline solid was filtered off and dried
under nitrogen for 1 hour at room temperature. A vield of 164 mg of crystalline form D was
obtained as confirmed by PXRD and Raman spectroscopy. TG-FTIR indicated a weight loss of
about 8% below 170 °C, which was atiributed to isopropanol and water.

Example 50: Preparation of crystalline using E from amorphous form as starting material
[0196] 200 mg of the material from Example 6 was suspended in 160 ml

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 isopropanol (theoretical content of
isopropanol was 5.6%; solvent difficult to remove when drying).

[0197] The Xaay powder diffraction pattern is shown in Figure 5 and the
chatacteristic 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
55 160 m
83 10.7 W
5.0 9.8 A

43



in 18.8 4.72 vs 19.7 4.51 m20.2 4.39 s 20.8 4.26 s 22.0 4.04 in 23.0
3.86 w24.0 3.70 w 25.2 3.54 in

Angle [°20] | d-spacings [A] | Intensity (qualitative)
13.4 6.6 m
14.5 6.1 8
14.8 6.00 m
15.5 5.73 W
16.6 533 w
17.1 5.17 m
181 - 4.9 m
19.1 4,64 5
19.5 4.54 Vs
20.3 437 vs
21.7 4,10 m
227 191 m
23.2 3.84 m
24.2 3.67 w
25.1 3.55 m
26.0 3.42 m
26.9 332 w
28.5 3.13 w
29.2 3.06 m

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

methy] ether (TBME). The suspension was stitred 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 crystailine form E was obtained
as confirmed by PXRD and Raman spectroscopy.

Example 52: Preparation of crystalline from amorphous form ags starting material
[0199] 150 mg of the material from Bxample 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 B was obtained
as confirmed by PXRD and Raman spectroscopy, TG-FTIR (10 °C/min) indicates 2 weight loss
of about 5.1% starting above ambient temperature and being complete below 150 °C, which was
attributed 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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from Exanpl e
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The solution was cooled to 20 C, whereby a thick paste was
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1

It 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

mn at roomtenperature. A yield of 214 ng of crystalline formF was
obt ai ned #shle® dpacimem fyyhep@aRilingivon Raffearompead ofdeaylsyY TG4 118. (10
Cnmn) indicates a weight loss of ahout 3 Q% starting .above anbient
t enperature and bei|noanptrieet ¢ dopdcines (B30 G,ntequhalmiSE)attri buted to
TEE. The anount of Y 15R01 Cales q);gﬁ erice of aypon-stoijchionetric
Tl 1F-sol vat e (theorfet |T,<=515—L,Uln em r mo- THE-§prvate s 12. 5%
| " HP) . 102021The X-t-ay- \Awucu e+ |1ggLL| mpatternrs—shown in Figure
7 and the character ks A-t-hetia—wt-h—Ehe—eerrespondi ng
d- spaci ng val ues i A af@ gi \/em i O%ahld 8 TaBte Q: -iSpaci ngs for
the crystalline forim F_BE t he|conpbund df formuMa |V _Angl e [20]
d-spacings [A] Intensityn.§qualitative) 4.6 19.0wv 5.5 16.0 m

13.5 6.6 m

14.7 6.0 vy

16.8 5.28 m

17.4 5.09 8

18.1 490 m

18.8 472 Vs

19.7 4.51 m

20.2 4.39 §

20.83 426 s

22.0 4.04 m

23.0 3.86 w

240 3.70 w

252 3.54 m

25.6 348 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 tetraliydrofuran (THF). The solution was cooled to 20 °C, whereby a thick paste was
formed. 3 ml THF 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 TEHF. The amount of THF indicates existence of a non-stoichiometric THF-solvate
(theoretical content for mono-THF-solvate was 12.5% THF).

[0202]
characteristic peaks in 2 theta with the corresponding d-spacing values in A are given in Table 8.

The X-ray powder diffraction pattern is shown in Figure 7 and the
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6.8 13.0 m113 7.8 w133 6.4 m14.2 6.2 m14.6 6.1 w 154 5.74 w 16.7
5.29 w 17.6 5.04 m18.3

Table 9: d-Spacings for the crystalline form F of the compound of formula IV

Angle [°26] d-spacings [A] Intensity (qualitative}
4.6 19.0 w
5.5 16.0 m
6.8 13.0 m
11.3 7.8 w
13.7 6.4 m
14.2 6.2 m
14.6 6.1 W
15.4 5.74 W
16.7 5.29 w
176 5.04 m
18.3 4.83 m
19.2 4.62 m
19.7 4.50 m
20.5 4.34 m
20.9 424 Vs
21.9 4.05 m
228 3.89 m
237 3.76 m
24.9 3.58 w
272 3.27 m

Example  54: Preparation of _ N-(4-fluorobenzyl)-N-(1-methylpiperidin-4-y)-N° (4-(2-

methylpropyloxy)phenylmethyl )carbamide hemi-tartrate

[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 —
viw 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%0) of product.

a) Preparation of:
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b) Preparation of:

H,
O\ G N-on
H,C "

[0204] 4-Hydroxybenzaldehyde (SML, 60.0 kg) was dissolved in dimethylformamide
(142.5 kg, 2.50 =v/w SM) at T = 15-25 °C, then solid potassium carbonate (137.2 kg, 2.02 equiv.)
and potassium iodide (8.1 kg, 0.10 equiv.) were added portion wise at T < 30 °C and the
suspension heated up to T = 78-82 °C. The temperature of the condenser was fixed to 15 °C and
isobutylbromide (134.8 kg, 2.00 equiv.) was added to the suspension over 4-5 hours at T = 78-82
°C, At the end of the addition, the mixture was stirred ~3 hours at T = 78-82 °C and residual SM
was checked by HPLC (SM < 5%). The suspenasion was cooled to T = 20-30 °C, diluted with
100% ethanol (213.1 kg, 4.50 -v/iw SM), stired 1 5 min at T = 20-30 °C, and finally centrifuged to
remove the excess of carbonate and potassium bromide. The line and the cake were washed with
100% ethanol (82.4 kg, 1.74 —~v/w SM), then 50% hydroxylamine in water (48.8 kg, 1.5 equiv.)
was added to the filtrate at room temperature, thien the bulk was heated up to T = 73-77 °C and
stirred at this teroperature for 2 hours. A sample ‘was taken for IPC (Aca-11-aldehyde < 5%), then
the bulk was concentrated under reduced pressure (270-150 mbar, 45-55 °C) to ~6 Vol, the
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 -viw SM) and heated at reflux (T = ~60 °C) to reach a
complete dissolution (~i5 min, visual check). The solution was cooled down to 8-12 °C
(crystallization occurs at T = ~17 °C, seed at ~12 °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/w SM) in 2 portions, then dried under reduced pressure at T = 40 °C to provide 86.7 kg
(91.3%) of product.

c) Preparation of:

. Hz
HaC\C/C\O CH;—NH
Hac/H 2 2

[0205] The product from step b (SM, 40.0 kg) was dissolved in 100% ethanol (228.5
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. Amamonia gas (45.8 kg, 13 equiv.) was added under
vacuurn over ~8 hours through a cannula, thera the suspension heated up to T = 48-50°C (the
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Preparation of: CHrN 1N- CHa

internal pressure rises to ~2.5 bar). The bulk was hydrogenated at T = 48-50 °C and P = 4 bar
until the hydrogen absorption stops (~9 hours) and the residual SM wsas checked by HPLC (SM <
.5%). The suspension was cooled to T = 10-15 °C, the excess of arnmonia was removed, the
bulk was clarified (1575 + GF92 filter papers + celtroxe layer on the filter) and the line was
washed with 100% ethanol (63.4 kg, 2.00 —v/w SM). The solvent was distilled under reduced
pressure (P = 870-13 mbar, T = 42-50 °C) and the oily green residue was diluted with 100%
ethanol (50.7 kg, 1.60 —v/w SM) and ethyl acetate (150.1 kg, 4.17 —v/w SM) and finally cooled to
T = 20-25 °C. 100% Acetic acid (19.9 kg, 1.60 equiv.) was slowly added allowing the
temperature to rise during the addition (+ ~14 °C), then the bulk was heated to reflux (T = ~70
°C) to reach a complete dissolution. The solution was cooled down to 40-42 °C and seeded, then
the suspension was stirred at the crystallization temperature (T =~4 1 °C) for 30 min, cooled to T
= (-5 °C and stirred 5 hours at this temperature. The bulk was centrifuged, the cake washed with
cold ethyl acetate (2 x 9.4 kg, 2 x 0.26 —v/w SM) and finally dried under vacuum at T = 50 °C to
provide 33.6 kg (67.9%) of amino acetate form.

[0206] A solution of the amino acetate form (264 kg) in potable water (42.2 kg,
1.60 Vol) was basified with 30% sodium hydroxide (35.4 kg, ~2.41 equiv.)topH =14 atT = 10-
25 °C, then the product was extracted in toluene (91.4 kg, 4.00 Vo1) at T = 43-47 °C. The bulk
was decanted at T = 4347 °C, the pH was corrected to 14 with additional 30% NaOH if
necessary, then phases were separated. The organic phase was washed with potable water (35.1
kg, 1.33 Vol), then concenirated to dryness under vacuum (P = 170-20 mbar, indicative) at T =
48-50 °C affording the product as an oily residue.

d) Preparation of:
H

AN /Cz\
g o CH;—N CO
H,c” H

[0207] The product from step ¢ was dissolved in anhy drous toluene (68.5 kg, KF <
300 ppm, 3.00 Vol), the solution transferred into a phosgenation re:actor equipped with scrubber
and the line washed with anbydrous toluene (10.3 kg, 0.45 Vo). 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 bours
with a 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 hours) 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 concentrated under vacuum (P = 500 mbar, indicativ-e) at the same temperature to
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crystallization tempmmre (T = ~4 C) for 30 min, cooled in ~2 hours to T = 20-22 °C and
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) ir1 pre-filtered
and degassed methyl ethyl ketone (149.3 kg, 7.00 Vol) wés heated to T = 58-63 °C and stirved 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 an ~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 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%) of Form C of the title compound of formula IV,
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c) Preparation of: H2 HC 0 H3C'" CH NH2 [0205] The product
fromstep b (SM 40.0 kg) was dissolved in 100% et hanol (229.5 kg,
7.26 -v/w SM at T = 20-25 C, then anhydrous Raney-N ckel (5.8 kg,
14. 6% -w w SM was added under nitrogen (wash the catalyst with 100%
et hanol until 1CF < 300 ppm and the suspension cooled dowmm to T = -8
C-12C. Amoni a gas (45.8 kg, 13 equiv.) was added under vacuum over
-8 hours through a cannula, then the suspension heated up to T =

48- 50C ghe 512, internal pressure rises to -2.5 bar). The bul k was
hydr ogelf3gtddclaimediss 48. 50 C and P = 4 bar until the hydrogen
absorption stops (-9 hours) and the residual SM was checked by EPLC
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20-25 C. 108% Acbiq eysathing fornooirladg, 1 thatgghibkitsua Xerdy paavdersdi it tjorgutierd

he. bul b roe " EREHTH Gl M R R a7 B IR, dhucd S dbmndb”

di ssol &7%n. The solution was cool ed down to 40-42 C and seeded, then
t he suspension was stirred at the crystallization tenperature (T = -4
1 © for 303m n, Acwtloddortthe frepar@iob ofthangseliine foeid of claim b omprifihi: s

tenperature,. The b was centrifuged, the cake washed with cold
crhy " auaeiiing R He ol SSMidpd SRRy NG PRt oI5 ari ed. under
vacuumat T = 50 Cto provide 33.6 kg (67.9% of am no acetate form

[ 0206] A sol ution of] the an‘iHnﬁ‘:aacet ate form (26|/4 kg) in potable water

(42.2 kg, 1.60 Vol)| was basified with 30% gbdi pm" ®xi de (35.4 kg,
-2.41 equiv.) to pHf =24 at{ T )= 10- Q;tfﬁ"rré'ﬁ t he product was
extracted in tol uere Ky, 4.00{Vvdl) 8t T £ 43-{47 C. The bulk was
decanted at T = 43-{47 C i Sl rrected fo 4% Wd-h additional

30% NaCH i f necessiry, t hen phases Wwer e separa[ed. The organi ¢ phase
was waslied with potable water (35.1 kg, 1.33-0l), then concentrated
to dryness under vacuum (P = 170- 20 (pfhar, indicative) at T = 48-50 C
affording the product as an _oily residue. d12 Preparation of :

[ 0207] The ppEHIR!e syspensipnayhile awégg eysa seedeal theicrastilioe o of elpimehand

(68.5 lﬁﬁy]atﬂﬁgthﬁ crystalline form of claim 1 from the suspension.

4. The method of claim 3, wherein the temperature of the solvent during the

suspending step is from about 30 to about 100 °C.

5. The method of claim 3, wherein 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 C3-Cg ketones.

6. The method of claim 3, wherein the seeding is carried out at a temperature from
about 40 to about 80 °C.
7. The method of claim 3, further comprising cooling the suspension at a rate from

about ¢ 1 to about 1 °C/minute.

8. The method of claim 7, wherein the suspension is cooled to about room

femperature.
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300 ppm 3.00 Vol), the solution transferred into a phosgenation

react or equi pped with scrubber and the |ine washed w th anhydrous
toluene (10.3 kg, 0.45 Vol). The toluene solution was cooled to T
0-5 C and hydrogen chloride (gas, 4.0 kg, 1.00 equiv.) was slowy
introduced in -3 hours with a ammia at T max = 10 C. At the end of
the addition, the bulk was heated up to 97403 C and phosgene (16.6
kg, 1.5 equiv.) was slowy introduced (-3 hours) with a cannula. At

min ot T o g isgoter helelolBRealn B DR P hrRNR: Y, g

mat eri al < 38dperming at dnystablineorooal Ne-(H - thaompbenzy | JIN (| -@6ch 8lpiperiditHey  phl-4tRon

was concentr at ed der, vacuu P, = 500 nbar, indicativ at same
t enper é?qﬁl?yipr? ’Eﬁox-y .r}'fn%fatfa]ylbjﬁérg a%ﬁqelgar?ﬁétg °t ng‘f'(%%or}gr S%E)IWF?%rfﬂstoﬁ gh@bs ence
(2)1(‘) r2 gs icf:ﬁlug:!berm?]g%ﬂgﬁ;tmpiﬁertdgm-@nud§4{$mlemmaipglosgghﬁnymmm)@hred?rﬁahT =
- , discharged intg a drumand anal yzed. e repa on of the
title CHHPEIMUPAS andARFATIGSIIXoNt 4t (PopsTakfes %%&quwaﬁ?@@#w (-30%
tol uene sol WikiRPihe buspeitsion whilasdiRglet9dalisteds 40th8tMstallind form 38 61dfm 1;Qand
solution of the product fromstep a (SM 21.8 kg) in TI3F (189.5 kg,
9. 80 -v/w Shgplating ofthecrysigligsrsofiéh Fomdhs SRSASIOA-he i ne was washed with
THE (9.7 kg, 0.50 -v/w SN?U the bulk was stirred at T = 38-42 C until
a clear sol 4fi onAvsthodiRrdheigparation pbihe syysiaitige fprmof plaink 1 FQBIPHISIREN f or
TC (TLC, Ac al“sgojr\?ih:% MORAE DR ofNJ(%ﬂumbsAﬁglw-gmﬁﬁisaﬂﬁm.gf).N'iaang ea
formation. The solvent was distilled under reduced Pressure (P =
170- 70 mdskaiproflylexylshepdmethydascbamirde in 8 soluent aisprappsatiigs freiin ket Pdelationt Ao
et hanoIoC( 1325 kg, 7.69 -v/w SM at T = 4045 C. A previously prepared
solution’of L-(+)-tartaric acid (8.1 kg, 1.10 equiv.) in 100% et hanol
(96.0 kg, 5sififing weweShngvralition diealteatperfture dDabobt 30 wrathouttitd G whkileaiding
washed with 100% et hanql. (3.3 . 0.19 -v/w SM. The sol ution was
cool ed cmsetegs%%-%‘ys@g'heﬁ%%ﬁﬂan he suspension was stirred at the
crystal | i zatbdingtiengbedisidsngpedslorat a28olGg rhivrof 3bun® g atwod) B pa hdurto@- 5
Cin -2 hours a?dbfigaloé#%toirred at trtli S tenperature for additional
2 hour deMARIVEFF ROWEZYc CP IR PRSI washed with col d 100%
et hanol (2 XsoleBnQcr¢allire 301i0 oM the/duspenbbn.and the dry wei ght of the
crude product was cal cul ated based on LOD (-46% . [0209] Crude
tartrate prqduct TReXaetidoddr .clabiVll 0,dvheraieihg Bélvend isaettabydrdfubmmsed on
nmeasured LOD) was dissolved at reflux (T = -75 C in 100% et hanol
(205.4 kg, 71208 Tivd metidd ofala0ho) wiedin thie Beident i3 selettedfrad tiet groupcdonsigih),
then the solution was filtered at reflinr tenper ture.t.g%ough an

absol ut® agetape dighipromethans. hAdliexare. FhANoLASREREn i3t 2450 9% et hanol
5.9 kg, 0.21 -v/w SM, Th t] d.d 1o 48-: d
geededfJ t he 1§us\;;é\rl?v§¥ S%‘“R/;&[%’g’s‘%fﬂE“e@?"g‘?%ﬁ@gﬁgbg‘(eﬁiyﬁ:i\{@afiﬁlo%ﬁg'ggﬁ%@? ure
(1" = - A8 {iprobRbxy3theniimeth§Deeehidd tartrdte PpotuSed B alpracedeodipricingnd

finally stirred at this tenperature for additional 2 hours. The bul k
was cenhi f uged, mgedaaqlga HRENRE farnt dT Np(defl fordbeazy®)cN ¢ Dhdthi idridinkayip!
(2 x 18.9 k&, 2 x 0.65 -v/w SM and the product dried undet:r vacuum at
T = 45 C f otV d¢-G-awtwipswylesyiphenyfphydicarbanidp Seate or BRSO FFBOTIRd of
formula IV | (2. L Leffinkih ridihd- agised net hyl et hyl
ket one (149.f%0?®7é0d(§ﬂi?glbl§}y9vaf( heat glgﬁtgo T_:ﬂ)g]g-%lis%@c and stirred at
this tenper anaindorppod)henymethdrarbapmidertertats ita PRIFEAG AROHGSANSIE f or

TC (powder X LRt W6 iSb@grceach 2 hours stirring. The
m Xture was)t(%'ﬁo %LHJ%?%% ;6_%' g?@:" 1%-17Cin -4.5 hours and stirred at

this tenperature . b
t he cake washed \?\I;l r?' hg @gfﬁgﬁg’&)&ﬂg@%ﬂ %@%@%@%8%@8@%@1&%& %elétg%sfl@m
et hyl ketond;é&l 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

ni trogen to provisdatigdboRhkgystallinel®gid fbmFoy susp@ngién.t he titl e conpound
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suspendi ng a crystalline form of

N- (4-fluorobenzyl)-N-(I-methyl pi peridin-4-y1)-N -(4-(2-

nmet hyl propyl oxy) phenyl net hyl ) carbam de tartrate or m xtures of
crystalline forms of N (4-

fl uor obenzyl) - N- (1- net hyl pi peridi n-4-y1)-N -(4-(2-nethyl propyl oxy) phe
nyl met hyl ) carbam de tartrate in a polar and aprotic sol vent at
tenperatures from about 30 to about 70 C, stirring the suspension

whi | ddi t al f talljne f .of. claim1; and
ol at ing ofts he Ay rEout i aSo ik i e U
met hod inethylbfopypx B pleshalinieehy)odrbdntide @ratd prbduc&Ebyl OroRedd comprising:L,

conprising: dissolving a tartrate salt of .

N- ( ﬁ- }‘ | uor OlbenZyElestp'i(lg.a mﬁtdwdanigpa_r(hdiuaméer@)fdxt1-;ﬁéth§13'rperidin-4-y|)-N’-(4-
met hyl pr opyl ox enyl met hypcarpam de |n_a sal vent at tenperatures

f rom about (581“%2@[;’6?%}]07‘@)"&“3’ mf’thﬁ)cagbf"i“fdtei%ﬁtr%}}iférolﬁé‘%‘lﬁ’ﬁ‘:ﬁ@“%I ution at
a tenper at UrgnQkat@LOHSm 2bbuk 0 t4MRUE 7078, C whi | e addi ng crystal seeds of
the crystalline formof claim1; cool ing the obtained

suspensi on at a Gffhd M résakiRg KIuAQYS tempbiBuAlRUbout 30 fo MBLt AP wilit 2
tenperature of about -20 C t0 about room tenperature; and isolating
crystal | i ne 3déng erystalsasds wbthe goyplelise &wn of claiml;, The method of claim
10, wherein the solvent is_ tetrahydrofuran. 12. The met hod of
clai m 10, wher ei FPOliRgtheeptaingd sysgension et wgling wimof Akoug? srsbodiokisiCater ng
of acetone, thﬁBh@JnGBE%J?@HFabko-ﬂoﬁi’:%%?ﬁ’m&ﬁ ?%Qllaturé;ﬁf?d)rOpanm , and
acetonitrile. 13. A crystalline formo

N- (4-f1 uor obenzydphhd dydifidtoRd RER I Dsfbnsidn - N - (4- (2-

met hyl propyl oxy) phenyl net hypcarbam de tartrate produced by a process
conpri si ng: suspendi ng a crystalline form of

N- (4-fl uorohenzy L) Nidadedtiediiyhpd e TN EY/ ERVA B : :

N -(4-(2-net Eyl pr (?pylrr(gxy%%en'l;/] %&Fﬁfﬁ?@éﬁ%ﬁ#g St%]g?e‘t t;og{lgf%l?lmn%sx nSraes
of cr ysm@macqéicalbrmep(tffble carrier or diluent.

N- (4-fluorobenzyl)-N(1-nethyl pi peridin-4-yl)-W(4-(2-

met hyl pr opylléxy) Phectrydtatineforme i dhaimi 2d eherain tthextrgstal imefopotdibimad-apr ot i ¢

cuspondi et FRERAHEED bRl AN, ik 8- BR8N sl B ok [y B

cl ai m 110.7%nlkbut §.86,aboutd.8df abhtet. T, ylstuad . 57,aed swbi 77.r om t he suspensi on.
56 14. A crystalline form of

N- (4-f 1 uor oi@gnzyThe dystdllimesfoiny bfxilpmrd, dhereid-thelorysMilirederfiRexhibits a X-ray
gg;gﬂ g’;{og@_gr' a‘%%%r‘é%&*}\gﬂra !grg:%%}l?nﬁrl 1rgga;{eg?s{ﬂagiﬁﬁngg{u{gﬁt&%né’s%&%‘é%&%8%2%, Bbout ©°°
N- (4- f | 1007, a0 7%, 1abold- 6.9, abdit BY| s¥oied. 2, Abdut 4.8, Jabol 5:34about 5.28, about 5.16,
et ondhal FErHENLY i GBS (o HBU S 0o SBba b IE00u 3 T GOHTE Thg
the resipbld My, MLt 16 Abslk 325! HEWESY.03L sdaabedt 2aout 50 to about 70 C
whi | e addi ng crystal seeds of the crystalline formof claiml;

cool i ng t he 1gbt ajhne@talire FeRtAR (BfludtoRasl)-Ng | -hrteIpiferiaiory)) S o @bout
15 C per hour to a te era}ure of about -20 C to about room

t enper aneiREproprgryRhsYmethy earbanyidg tertigls o€ HirmyladVom t he suspensi on.

15. A pharnmaceutic I crystalline form of

conposi tjon conprising t
claim15 and a pharfmceuti cha_llh“y accept abl e cartief, or diluent.
16. The crystallin

Fform of (';" im2, wher elé]!ﬁ_cﬁ e falline form
exhibits a X-ray p i f tion gf;i Comprisj ng peaks having
d-val ues i n angstrons bout 12.0 out 10. ahQut 5.86, about

4.84, about 4.70, about 4.547,"*3;;16“&\ bt 3.77. O ~Cor
o]

(Iv)

wherein the crystalline form is at least about 80% pure crystalline form C.
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17. The crystalline formof claim?2, wherein the crystalline form
exhibits a X-ray powder diffraction pattern conprising peaks having
d-val ues in angstrons of about 12.0, about 10.7, about 7.4, about
6.9, about 6.6, about 6.2, about 5.86, about 5.53, about 5.28, about
5.16, about 4.84, about 4.70, about 4.57, about 4.38, about 4.009,
about 3.94, about 3.77, about 3.71, about 3.49, about 3.46, about
3.25, about 3.08, and about 2. 93 18 A crystalline form of

N- (4-fluor Obfgnzylﬁw ))fst%l-l{ﬁgtf%} Car Eflrnl 1% erel r atceystaglldi}e(fzrm is in VO ‘i/"-%ref

met hyl pr opyl oxy) phenyl mul-a |

|+ CHS3cd\trlling oHnCl - 13 CH, HOCO2" 19 The crystalline form of
claim18 wherein_the cr | 1 a 90 % npure cr l'1ine
form . %ﬁ%ﬂé?‘ﬁ@ & v B Sieit i heSein the o it 4 &3 4 pure
crystal biyR@llihofofhi s in a 95 % pure crystalline form 21. The

crystalline formof claim18 wherein the crystalline formis in a 98%

pure crystaliiji ne Thetmitalline form32elaikhE8 Wharéih e lchyR@llfn® FoRnOE irtd 98 Wpli,
which results in a weight |oss of about 0.9% bel ow 150 C as neasured
by t her F¥¥rE0S 980y i ¢ anal ysi s. 23. The crystalline forn1of

claim 18, which shows an endotherm ¢ signal at 177C as neasured
di f f er ent i al22scarff Aystalingformef slgim 18, which pepultstip @ wejght toss ¢f; ﬂfhr@utf%"r/m of

claim 2§elowh%%£§xﬁ&§’ur€@%3%{dg}a%n§étrw‘ﬁla] g6, 177C has an enthal py of
fusion of about 129 J . The cyystalllne formof claim18

that has |esg thage &9&9{119@%%1‘ El@'r?d £8) 3hich QhotRNh endothermic2&mallf1 €77 °C as
crystalline formof ¢laim18 that has crystals with a particle size

in the masgeddy d&fyfﬁutlallscajmmg@alawew 200 p. m

24. The crystalline form of claim 23, wherein the endothermic signal at 177 °C has an

enthalpy of fusion of about 129 J/g.
25.  The crystalline form of claim 18 that has less than 1000 ppm of residual solvent.

26.  The crystalline form of claim 18 that has crystals with a particle size in the range

of about | pum to about 200 pm.

58



